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1CHAPTER 1 
INTRODUCTION
Virtually all conclusions on the physics of 
extragalactic radio sources have been derived from studies of 
those catalogued in sky surveys at or below the frequency of 
408 MUz. Profound cosmological conclusions have also been 
drawn from studies of the source populations obtained in low 
frequency surveys«,
This thesis presents the results of extragalactic 
source surveys at the comparatively high frequency of 2700 MHz, 
carried out over about 0.8 sr. with the 210 - foot telescope 
of the ANRAO at Parkes, N.S.W. The surveys are the first parts 
of the Parkes 2700 MHz survey which will extend eventually over 
the entire sky between declination -90° and declination +27°, 
the northernmost limit of observation for the Parkes telescope.
For all sources catalogued in the present surveys, 
subsequent observational programmes at 2700 MHz have been 
carried out to measure accurate positions and flux densities 
at this frequency. The accurate positions have been used to 
derive complete statistics on the optical identification of 
sources in the catalogues. Statistics on the spectra of a 
large sample of these sources have been obtained in programmes 
of flux density measurements at Parkes, supplemented by low 
frequency data from other observatories.
It is the overall aim of this thesis to examine
2whether the results of these programmes suggest amplification 
or modification of the general conclusions, both astrophysical 
and cosmological, previously derived, from the lower frequency 
surveys.
1.1 Hxtragalactic Source Surveys
Sources found from surveys at or below 403 MHz 
illustrate a variety of radio spectra which show some correla­
tion with class of optical identification * This is particularly 
apparent from comparison of the identification content of the 
Cambridge 178 MHz catalogues with the Parkes 403 III-Iz catalogue., 
The latter contains a larger fraction of quasi-stellar objects 
(QSO's) than the former, and the difference is due to the 
inclusion in the Parkes catalogue of a number of sources with 
"flat" radio spectra, most of which are identified as QSO's.
On this basis, surveys at higher frequencies might be expected 
to detect still greater numbers of flat spectrum sources and 
increased proportions of QSO's as a consequence. These 
suppositions are borne out by the present investigation.
There is a considerable literature on the implications 
of the "log IT - log S curve", the cumulative count of radio 
sources to specific levels of flux density which comprises the 
classic cosmological test of radio astronomy. This literature 
is concerned generally with counts from surveys at or below 
408 MHz. The preceding discussion indicates that the propor­
tions of the classes of optical identification present in a
3radio source catalogue depend on survey frequency*, and further­
more that these classes exhibit spectral distinctions which 
must result in different radio t:K - corrections . It is hence 
quite possible that the form of the number - flux density 
relation will depend, on frequency, and evidence for this is 
provided, by the results of the present work.
The rewards of obtaining comprehensive sky surveys 
throughout the radio range consequently are not insignificant. 
The Par!.es 2700 KHz survey was commenced at a time when the 
only published extragalactic source catalogues for frequencies 
higher than 1000 rillz were those from the limited areas surveyed 
by Price and Milne (19C5) at 1410 MHz, and by Kellermann and 
Read (1055) at 1421 MTIz. Other surveys at frequencies of 
1400 to 1420 MHz, most notably those of the OSU (Schser and 
Kraus 1057; Dixon and Kraus 1968; Fitch, Dixon, and Kraus 
1959) were in progress. At still higher frequencies, the only 
survey for extragalactic sources known to be in progress was 
that of the University of Michigan at 8 GHz (G. Brandie and 
F. Haddock, personal communication to J. G. Bolton).
Table 1.1 contains data on the sky surveys from which 
the radio source catalogues in current usage have been 
compiled. Early surveys which have been superceded (e.g. the 
Cambridge 2C, and the first Ohio State University surveys) are 
omitted. Furthermore, many of those listed have been super- 
ceded by others in the table; the data given makes such cases 
self-evident. The table contains data on surveys rather than
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lists of Howard and »laran (1S65) and Pauliny-Toth, Made. and 
Feeschen (13G6) are not included.
The primary object of Table 1.1 is to indicate the 
status of extragalactic source surveys. A secondary object is 
to give brief descriptions of the first two parts of the Parb.es 
2700 MHz survey in context with descriptions of those surveys 
it is designed to complement. Beginning with the first two 
parts of the 2700 :1Hz survey, the observational programmes 
carried out in the course of this investigation are now briefly 
described.
1.2 Observational Programmes in the Present Investigation
1.2 (i) 2700 11Hz Surveys
The basic observations for the thesis consist of 
2700 MHz surveys with the 210 - foot telescope of the following 
areas (§2.2);
(1) Six selected regions, each of about 40 square degrees, 
which are covered by two-colour (blue - ultraviolet) plates 
taken by J. G. Bolton with the 48 - inch Schmidt telescope at 
Palomar. Five of the 6 regions are centered near declination 
0°, while the sixth is at a declination of -18°.
(2) The zone between declinations +4° and -4°, excluding 
right ascensions 06h00m to 07h21m and 13h00m to 19h40m which 
are at low galactic latitudes.
The selected region catalogue is believed to be
10
complete to 0.10 f.Ue* at 2700 MHz, and contains 310 sources. 
The catalogue for the ±4° declination zone is believed to foe 
complete to 0.35 f.u, (except for the right ascensions 05IA to 
06? see §2.10) and contains 500 sources.
1.2 (ii) 2"1 MHz Positions/Flux Densities
Accurate positions and flux densities have been 
measured at 2700 MHz (§2.3) for all sources estimated from the 
survey records to be above the nominal flux density limits for 
each survey. These limits were taken as 0.03 f.u. for the 
selected regions and 0.35 f.u. for ±4° declination zone. The 
observations showed that a number of sources selected in this 
manner were weaker than the nominal flux density limits; these 
sources have been retained in the catalogues. Standard errors 
in the measured coordinates are about 15 arc seconds, and in 
flux densities about 0.012 f.u. for the weaker sources, 
increasing to 3°; of the flux density for the stronger sources.
1.2 (iii) Spectral Measurements
Flux densities at several frequencies have been 
obtained for all sources in the ±4° declination zone catalogue 
for which ^2700 " 9*^0 f.u., and for many weaker sources in 
the zone. The flux density measurements have been made as 
follows s
1 f.u. = 1 flux unit -■26 -2 . -I hzw. m
11
5009 MHzs The flux densities of about 350 sources were measured 
with the 210 ■■ foot telescope using a cooled parametric receiver 
on loan from the bRAO (§4.1). The standard error in these 
measurements is about 0.01 f.u. rising to 2% of the flux density 
for stronger sources.
14 03 MHz, 458 LiHz The Par;-.es interferometer, operating 
simultaneously at the two frequencies, was used to measure the 
flux densities of some 300 sources (§4.3). The standard error 
in these measurements is about 5% of the flux density at each 
frequency for the stronger sources, and about 0.4 f.u. and 
0.1 f.u. for the weaker sources at 453 and 1403 .IHz respec­
tively. Several of the 460 MHz flux densities were rejected 
because of confusion due to neighbouring sources.
635 :.iKz: The ±4° declination zone was surveyed with the 210 -
foot telescope and a 635 MHz parametric receiver. Regions of 
low galactic latitude, right ascensions 06^00m to 07"40m and 
19h00m to 19^40m , were omitted. The survey is believed to be 
complete to S^35 = 0.0 f.u., and flux densities for about 400 
sources in the 2700 MHz catalogues were estimated from the 
survey records. Standard error in these estimates is about 
0.4 f.u. rising to 8% of the flux density for the stronger 
sources.
The spectral data resulting from these observational 
programmes has been augmented by the results of other 
observers. For sources appearing in the 3C or 4C catalogues, 
173 MHz flux densities have been taken from papers published
12
by the Cambridge group« Additional flux densities, or upper 
limits at this frequency, have been kindly communicated by 
Dr. Derek Mills from an examination of the 4C maps at positions 
of some of the sources in the 2700 IIHz catalogue. Some 
accurate flux densities at 402 MHz have been published from 
the fan beam operation of the Ilolonglo Cross of the University 
of Sydney. Several of the stronger sources in the ±4° 
declination zone have been observed at Parkes at frequencies 
of 468, 635, and 1403 IFz by Dr. Eeverley Harris in a programme 
of accurate flux density measurements. These have kindly been 
made available before publication. A few other flux densities 
at various frequencies have been taken from references 
acknowledged in the tabulation of the spectral data 
(Appendix IV).
1.3 A Summary of the Investigation
A summary of each chapter is presented in this 
section. The aim is to show how the data provided by observa­
tions described above have been used, and to illustrate 
briefly the results of the investigation.
In Chapter 2 the basic surveys and the subsequent 
position and flux density measurements at 2700 MHz are 
described. These observations occupied some 60 nights of 
observing time on the 210 - foot telescope over a period of 
two years. Partly because of the magnitude of the task 
involved, and partly because of interests in diverse aspects
13
of the anticipated results, the observations were made with the 
cooperation of J. G. Bolton, Miss Jeannette K. Merkelijn, and 
A. J. Shiiranins (who is continuing the survey over large 
sections of the southern hemisphere).*
The results of the identification work are presented 
in Chapter 3. The positions of the catalogued sources were 
examined on both the Palomar Sky Survey prints, and for part 
of the area on two-colour 4f> - inch Schmidt plates obtained 
at Palomar by J. G. Bolton. The examinations were made jointly 
with Miss Merkelijn and J. G. Bolton, and: the results given in 
Chapter 3 are basically those of two papers with these authors 
which are presently in press. The identifications of galaxies 
are being used by Miss Merkelijn in a new derivation of the 
radio luminosity function. The redshifts of a number of the 
newly discovered QSO’s have been determined by Leonard Searle 
and J. G. Bolton, and J. G. Bolton and T. Q. Kinman (Searle 
and Bolton I960? Bolton, Kinman, and Wall 19S8).
In Chapter 4 the flux density measurements made to 
obtain spectra of the sources are described. The spectra 
which deviate from power laws are illustrated, and brief
* I analysed all the 2700 IIPz observations, both for the 
surveys and the positions/flux densities, with the exception 
of the original survey records for three of the selected 
regions. Independent analysis was carried out by one of 
A.J.S., or J.G.B. for about half of the ±4° zone 
survey records and about one third of the position/flux 
density records.
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discussions of many of the interesting cases are presented.
A statistical analysis of the source spectra is 
carried out in Chapter 5. At least 50% of the sources in the 
2700 MHz catalogues have spectra which do not obey power lav/s 
between 173 and 5009 MHz. As classes the radio galaxies and 
QSO's are clearly distinguishable by their spectral character­
istics. This distinction permits a fairly accurate estimate to 
be made of the fraction of unidentified sources (presumably 
beyond the plate limit of the Palomar Sky Survey) which belong 
to each class. It is suggested that at flux density levels 
above 0.40 f.u. at 2700 MHz. about 25% of the unidentified 
sources belong to the 050 category, while the remainder are 
distant radio galaxies.
Chapter 6 contains the 2700 MHz source counts, a 
discussion of the effects of experimental errors on these 
counts, and the subsequent derivation of a 2700 MHz number - 
flux density relation. The slope of this relation for source 
densities in the range 50 to 2500/sr. is about -1.45. The 
result is discussed in relation to source counts at other 
frequencies. It is suggested that the major difference between 
number - flux density relations at different frequencies is 
that at the lower frequencies the initial steep slope extends 
to a higher source density? at the higher frequencies, the 
initial steep slope is present, but in ranges of source 
densities where statistical uncertainties dominate. The effect 
can almost certainly be attributed to the influence of one
15
population - the QSO's.
In Chapter 7 a simple numerical approach to investi­
gate the significance of number - flux density relations is 
described. The technique enables computation of the relation 
at a given frequency with the incorporation of any geometry, 
radio luminosity function, type of evolution, or radio spectrum. 
Moreover, it illustrates directly the manner in which succes­
sive volume shells contribute to the source count. In the 
preliminary computations carried out in Chapter 7, two uniform 
models for the universe have been considered (a Friedmann 
model with A = 0, q «= +1, and the steady-state model), and 
a cosmological interpretation of the QSO redshifts has been 
assumed. Radio luminosity functions have been derived at 
2700 MHz for the QSO's and radio galaxies in the catalogues, 
and the counts computed at 2700 MHz and at 178 IlHz by combining 
different spectral types of each identification class in the 
proportions indicated by the results of Chapters 4 and 5.
With no evolution in these models, the results are similar to 
those found in earlier investigations of low frequency source 
counts: (1) the computations indicate flatter number - flux
density relations than those observed, and (2) the geometrical 
effects generally dominate the spectral effects ("K - 
corrections") in determining the form of these relations. If 
these preliminary results are accepted as indicating evolution, 
then (1) it is suggested that both radio galaxies and QSO's 
partake in that evolution, and (2) it is emphasized that types
16
of evolution which may be proposed must satisfy the additional 
constraints imposed by the present series of observations.
Chapter 8 contains a summary of the principal results 
of the investigation, and concludes the thesis with suggestions 
for further investigations.
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CHAPTER 2
THE PARKES 2700 MHZ SURVEYs SELECTED REGIONS,
AND THE ±4° DECLINATION ZONE
The observational programmes resulting in catalogues 
of radio sources found in 2700 MHz surveys of 6 selected regions 
and of the ±4° declination zone are described in this chapter. 
The catalogues contain the basic data for the thesis, and the 
accuracy of this data is discussed.
2.1 Telescope and Receiver
A.t the frequency of 2700 MHz, the 210-foot 
paraboloidal reflector of the ANRAO at Parkes, N.S.W., has an 
aperture efficiency of about 50% (Minnett and Yabsley 1966; 
personal communication, D. Yabsley, 1969). In April of 1967 
a new 2700 MHz receiver (Ratchelor, Brooks, and Cooper 1968) was 
completed and tested on the telescope. The receiver is of the 
dual channel correlation type, with a hybrid junction at the 
input. Each channel has two stages of degenerate parametric 
amplification of 400 MHz bandwidth followed by mixer and zero - 
frequency IF system of 200 MHz bandwidth. Several feed systems 
of the hybrid mode type (Minnett and Thomas 1966) have been 
constructed to permit operation of the receiver in different 
configurations. These include correlation of main beam and 
cold load inputs, and main beam and off-axis beam inputs.
The feed system for the latter configuration produces a main 
(or on-axis) beam 7.9 arc minutes to half-power points, and
18
a secondary beam slightly broader than this and displaced 10.5 
arc minutes off axis. rTith the receiver operating in this 
dual beam mode, the system noise temperature of 100°K. and the 
overall bandwidth of 200 MHz result in peak-to~peak output 
deflections of 0.04°K. (0.07 f.u.) for a 2 second output time 
constant. The preliminary tests of April 1967 indicated that 
a source of 0.05 f.u. could be reliably detected with a 
single scan.
The receiver was used in the dual beam configuration 
in the observational programmes described below. In this mode, 
the system temperature is smallest, and the effects of variable 
atmospheric extinction are minimized. Hov;ever, standard errors 
in measured intensities and coordinates due to confusion are 
increased by a factor of S2.
2.2 The Survey Observations
2.2 (i) The Selected Regions
In the period 1966 to 1968 J.G. Bolton took a series 
of two-colour (blue - ultraviolet) plates v;ith the 4 8u Schmidt 
telescope of Mount Palomar Observatory. In the first part of 
the Parkes 2700 MHz survey, 6 of these plate areas, selected 
as being free from galactic absorption, were scanned in surveys 
designed to be complete to $2700 ~ ^.10 f.u. The coordinates 
of the centres of each area are given in Table 2.1. The total 
area of the 6 selected regions is 247 square degrees or ,0753 sr.
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TABLE 2.1
CENTRES OF SELECTED REGIONS
48" Schmidt 1950.0 Coordinates
Plate Number r .a. dec.
PS 1112 OOh04m51S +00° 32
PS 891 00 52 55 +00 31
PS 1114 02 32 31 +00 25
PS 1777 12 04 50 -00 31
PS 1778 13 40 48 -00 29
PS 896 22 03 26 -18 50
The survey technique was to cover each area with a grid 
of scans in right ascension and declination. The spacing 
between adjacent scans in either coordinate was 4 arc minutes. 
Survey time was halved by using the receiver in the dual beam 
configuration; sources in the main beam appeared as positive 
deflections, and those in the off-axis beam as negative 
deflections. Because of the alt-az mounting of the telescope, 
a control system was used to keep the feed platform oriented 
so that the off-axis beam effected a scan displaced 18.5 arc 
minutes from that of the main beam. A scan rate of 1° per 
minute was used together with an effective output time 
constant* of about 2 seconds. Calibration was carried out at
* The phrase '‘effective output time constant1’ refers to the 
use of a low pass outout filter of the active second order 
type. Ouoted time constants describe the filter bandpass in
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half hour intervals by the injection of 1°K of noise power 
(^1.8 f.u.) at the receiver input« The receiver output was 
recorded on chart running at 80 mm/winute; a sample record 
is shown in Figure 2.1(a).
The reduction procedure consisted of listing all 
positions and amplitudes of source-like deflections on the scans 
and plotting these on charts of the six selected areas. The 
coordinates of all sources which appeared from these charts 
to have S^7qq >_ 0.0S f.u. were then listed for re-observation 
to determine accurate positions and flux densities (§2.3).
These lists comprised some 70 sources for each region, about 
50 of which appear in the final catalogue.
2.2 (ii) The Equatorial Zone Survey
The second part of the survey consisted of covering 
most of the zone between declinations +4° to -4° with a series 
of scans in declination. Regions of low galactic latitude, 
right ascensions 06h00m to 07h21m and 18h00m to 19h40m, were 
omitted. The total area covered was 2400 square degrees or 0.730 
sr. The survey was designed to be complete to S27qq - 0.35 f.u.
terms of a passive RC filter having the same half power point.
In both parts of the survey, scan rates were such as to give 
4 effective time constants between half power points for 
small diameter sources encountered in the scans. The RC 
filter network effects an 11% reduction in source amplitude 
at this scan rate; the observed reduction was 3%.
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Main beam dec. 
Off-axis beam 
Scan rate 1°/M 
T/C 2S 0000-006
2357-007
3C2
0003-00
Figure 2.1(a). A portion of a scan in the survey of selected 
region PS 1112.
\\ Figurenation
2.1(b)
zone ?
I
. A portion of a scan in the survey of the ±4° decli- 
the scan illustrates the discovery of source 0500+019,
22
Scans were s p a c e d  e v e ry  6 a rc  m in u te s ,  and th e  d u a l  beam 
sy s te m  was u se d  w i th  f e e d  r o t a t i o n  c o n t r o l  as i n  § 2 . 2 ( i ) .
The s c a n  r a t e  was 2° p e r  m inu te  w i th  an e f f e c t i v e  o u t p u t  t im e  
c o n s t a n t  o f  a b o u t  1 s e c o n d .  C a l i b r a t i o n  s i g n a l s  o f  1°K. were 
ad d ed  a f t e r  e v e ry  t h r e e  s c a n s .  The r e c e i v e r  o u tp u t  was a g a in  
r e c o r d e d  on c h a r t  ru n n in g  a t  80 mm/minute; a sam ple r e c o r d  
i s  shown i n  F ig u r e  2 . 1 ( b ) .
.The r e d u c t i o n  p ro c e d u re  c o n s i s t e d  o f  e s t i m a t i n g  and 
l i s t i n g  th e  n o s i t i o n s  o f  a l l  s o u r c e s  w hich  a p p e a re d  from  th e  
s c a n s  t o  be s t r o n g e r  th a n  0.25 f . u .  S o u rc es  i n  th e  l i s t  
w ere  r e - o b s e r v e d  i n  t h e  p o s i t i o n / f l u x  d e n s i t y  programme 
d e s c r i b e d  b e lo w . A bout 25 s o u r c e s  were l i s t e d  i n  e a c h  h o u r  
o f  r i g h t  a s c e n s i o n .
2 .3  The Source  P o s i t i o n / F l u x  D e n s i ty  O b s e r v a t io n s
A l l  o b s e r v a t i o n s  a t  2700 MHz, b o th  su rv e y  and  m easurem er 
o f  p o s i t i o n s  and f l u x  d e n s i t i e s ,  were c a r r i e d  o u t  i n  11 
o b s e r v in g  s e s s i o n s  be tw een  June  1967 and June  1963. G e n e r a l ly  
b o th  ty p e s  o f  o b s e r v a t i o n  were p e rfo rm e d  i n  any o b s e r v in g  
s e s s i o n .  T h is  p r o c e d u r e  e n a b le d  p r e l i m i n a r y  r e s u l t s  o f  th e  
s o u r c e  c o u n ts  t o  be o b t a i n e d  (Shimmins, B o l to n ,  and  TJall 1968) ,  
and t h e  i d e n t i f i c a t i o n  programme (C h a p te r  3) t o  be c a r r i e d  
on c o n c u r r e n t l y .  The d a t e s  o f  e a c h  o b s e r v in g  s e s s i o n  t o g e t h e r  
w i th  th e  ty p e  o f  o b s e r v a t i o n  c a r r i e d  o u t  a r e  g iv e n  i n  T ab le  
2 . 2 .
The s o u rc e  p o s i t i o n s  and f l a x  d « « i i t i e s  were o b t a i n e d
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TABLE 2.2
2700 MHZ OBSERVING SESSIONS
Observing
Session
Dates Type of 
Observa­
tion *
Approx. 
No', of 
P/F
a. - Standardrun
Error, Flux 
Calibration 
(%)
1 1967.48
June 23-78
SS
p/F
70 1.84
2 1967.63 
Aug. 17-21
SS
P/F
60 1.70
3 1967.67
Aug. 29-Sept.
SS, SZ 
8 P/F
200 1.77
4 1267.80 
Oct. 18-21
SZ - 3.0
5 1967.88 
Nov. 14-23
SZ 225 1.52
6 1968.04 
Jan. 16-19
SZ
P/F
25 2.10
7 1968.24
Mar. 28-Apr. 1
SS, SZ 
P/F
105 1.75
8 1968.28 
Apr. 9-14
SZ
P/F
420 1.47
9 1263.92 
Nov. 30-Dec.5
P/F 240 1.40
10 1969.06
Jan. 20 and 26
SZ
P/F
20 1.70
11 1969.43 
June 7-9
P/F 150 1.96
* SS - Survey, selected regions
SZ - Survey, declination zero zone
P/F- Measurement of source positions and flux densities
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by s c a n s  th ro u g h  th e  so u rc e  p o s i t i o n s  l i s t e d  from th e  su rv e y  
r e c o r d s .  The number o f  s c a n s  i n  e a c h  c o o r d i n a t e  g e n e r a l l y  
was s u f f i c i e n t  t o  e n s u re  t h a t  e r r o r s  due t o  n o i s e  w ere  l e s s  
th a n  th o s e  o f  c a l i b r a t i o n  i n  m e a su r in g  th e  p o s i t i o n s ,  and 
l e s s  th a n  th o s e  due to  c o n fu s io n  o r  c a l i b r a t i o n  i n  m ea su r in g  
th e  f l u x  d e n s i t i e s .  F o r  th e  s t r o n g e r  s o u r c e s  (S2700 — 0 ,5  
a t  l e a s t  2 s c a n s  were made i n  each  c o o r d i n a t e ;  w eaker s o u r c e s  
were s c a n n e d  up t o  6 t im e s  i n  e ac h  c o o r d i n a t e .  A sc a n  r a t e  
o f  h°  p e r  m in u te  was u s e d  w i th  an e f f e c t i v e  o u t p u t  t im e  c o n s t a n t  
o f  a b o u t  2 s e c o n d s .  The r e c e i v e r  o u t p u t  was r e c o r d e d  on 
c h a r t  ru n n in g  a t  80 m m/m inute, and m ark e rs  were added  t o  th e  
r e c o r d  to  i n d i c a t e  th e  a p p a r e n t  p o s i t i o n  o f  t h e  m ain beam o f  
th e  t e l e s c o p e  d u r in g  th e  s c a n s .  A c a l i b r a t i o n  s i g n a l  o f  1°K. 
n o i s e  pow er was i n j e c t e d  a t  l e a s t  once d u r in g  th e  o b s e r v a t i o n  
o f  e v e ry  s o u r c e .  Most s o u r c e s  were o b s e rv e d  w i t h i n  lh  h o u rs  
e i t h e r  s i d e  o f  t r a n s i t .  Sample r e c o r d s  a re  shown i n  F ig u r e  2 . 2 .
In  o b s e r v in g  s e s s i o n s  1 t o  8, each  so u rc e  was o b s e rv e d
a t  o n ly  one ( l i n e a r )  p o l a r i z a t i o n ,  th e  p o s i t i o n  a n g le  o f  th e  
f e e d  b e in g  chosen  so  t h a t  th e  o f f - a x i s  beam d id  n o t  e n c o u n t e r  
th e  s o u rc e  d u r in g  s c a n s  i n  e i t h e r  c o o r d i n a t e .  "There s c a n s  
th ro u g h  a so u rc e  i n d i c a t e d  th e  p r e s e n c e  o f  a c o n fu s in g  so u rc e  
i n  th e  o f f - a x i s  beam, th e  p o s i t i o n  a n g le  was c h an g e d . F o r  
p o s i t i o n / f l u x  d e n s i t y  o b s e r v a t i o n s  o f  s o u r c e s  i n  t h e  s e l e c t e d  
a r e a s  ( § 2 . 2 ( i ) ) ,  th e  p l o t t e d  c h a r t s  o f  th e  r e g io n s  w ere 
c o n s u l t e d  t o  choose  o r i e n t a t i o n s  o f  th e  f e e d  f o r  m in im al
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confusion effects. In sessions 9 to 11, each source was 
measured at orthogonal polarizations/ again chosen so that the 
off-axis beam did not encounter the source during scans in 
either coordinate.
Details of the.observations and reduction procedures 
relevant to the source positions (§2.4) and the flux densities 
(§2.6) are now described, together v/ith the corresponding 
error analyses (§2.5, £2.7).
2.4 The Source Positions
The original Parkes accurate positions wore obtained by 
transit observations (Shimmins, Clarke, and Ekers 1966) . It 
has been shown that a more extensive grid of position 
calibrators now permits determination of positions to 15 arc 
seconds or better with observations away from transit 
(Merkelijn 1968, 1969). The position calibrators are 
relatively strong radio sources for which optical identifica­
tions are well established. The calibration grid used in the 
present observations is comprised of the accurately measured 
positions of the optical objects and is presented in Table 2.3. 
All OSO's in the list of calibrators have been confirmed by 
photometry or spectroscopy. The radio galaxies are generally 
fainter then m = 16 in order to minimize differencespg
between optical positions and centroids of radio emission.
By observing sources from the calibration grid during a 
positioning programme, the systematic pointing corrections
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and  th e  s h o r t  te rm  v a r i a t i o n s  which o c c u r  i n  t h e s e  c o r r e c t i o n s  
can be e s t a b l i s h e d .  In  th e  p r e s e n t  program m e, c a l i b r a t i o n  
o b s e r v a t i o n s  w ere made such  t h a t  e v e ry  programme s o u rc e  c o u ld  
be r e f e r r e d  to  one o r  more c a l i b r a t o r  s o u r c e s  s a t i s f y i n g  b o th  
o f  th e  f o l lo w in g  c o n d i t i o n s ; -  (1) programme and  c a l i b r a t o r  
s o u rc e  l e s s  th an  15° a p a r t ,  and  (2) programme and  c a l i b r a t o r  
s o u rc e  o b se rv e d  w i t h i n  one h o u r  o f  t im e .  QSO's were g e n e r a l l y  
u s e d  a s  c a l i b r a t o r s  i n  p r e f e r e n c e  to  r a d i o  g a l a x i e s  b e c a u se  
o f  ( i )  t h e  g r e a t e r  r e l i a b i l i t y  o f  th e  i d e n t i f i c a t i o n s ,  ( i i )  
th e  g e n e r a l l y  s m a l l e r  o p t i c a l  -  r a d i o  p o s i t i o n  d i f f e r e n c e s ,  
and  ( i i i )  th e  g r e a t e r  a c c u ra c y  o f  m easurem ent o f  th e  o p t i c a l  
p o s i t i o n .  The o b s e r v a t i o n a l  t e c h n iq u e  o f  §2.4  was u s e d  f o r  
b o th  programme and c a l i b r a t o r  s o u r c e s .  F o r  e a c h ,  a p p a r e n t  
c o o r d i n a t e s  were d e te rm in e d  from  th e  r e c o r d s  by m e a su r in g  th e  
p o s i t i o n  o f  th e  c e n t r o i d s  o f  a l l  s c a n s .  These w ere a v e r a g e d  
f o r  e a c h  c o o r d i n a t e ;  fo rw a rd  -  r e v e r s e  p a i r s  o f  s c a n s  i n  
b o th  r i g h t  a s c e n s io n  and d e c l i n a t i o n  removed th e  e f f e c t  o f  th e  
o u t p u t  t im e  c o n s t a n t .  P o i n t i n g  c o r r e c t i o n s  were e s t a b l i s h e d  
from th e  c a l i b r a t o r  s o u r c e s  by d e te r m in in g  d i f f e r e n c e s  
be tw een  th e  a p p a r e n t  c o o r d i n a t e s  and  th o s e  l i s t e d  f o r  th e  
o p t i c a l  o b j e c t  p r e c e s s e d  t o  t h e  epoch  o f  o b s e r v a t i o n .  The 
t r u e  p o s i t i o n  f o r  e a c h  programme so u rc e  was th e n  d e te rm in e d  
from th e  a p p a r e n t  p o s i t i o n  w i th  th e  c o r r e c t i o n s  found  from  th e  
c a l i b r a t o r  t o  w hich  i t  c o u ld  be r e f e r r e d .  I f  th e  so u rc e  c o u ld  
be r e f e r r e d  to  two c a l i b r a t o r s ,  th e  p o i n t i n g  c o r r e c t i o n s  a p p l i e d
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were determined by interpolation. Corrected positions were 
precessed back to epoch 1950.0.
The calibration procedure differs from that of Merkelijn 
(1968, 1969) in that systematic corrections as a function of 
hour angle were not established and applied. The consequent 
error is discussed in the analysis below.
The positions of all sources measured in the programme 
appear in Appendix II, Tables AII.l and All.2, the catalogues 
for the selected regions and ±4° declination zone surveys 
respectively.
2.5 The Accuracy of the Catalogue Positions
There 'are three sources of error in the catalogue
positions:
(1) Confusion and receiver noise affect the determination 
of apparent coordinates for both calibrator and programme 
sources.
(2) The systematic dependence of the pointing corrections 
on hour angle has not been considered.
(3) The calibration system cannot remove the effects 
of random changes in aerial pointing which take place on 
time scales shorter than the mean period between 
calibrator observations.
The effect of receiver noise on the position measurements 
was examined by determining differences between the measured 
position of the centroid of individual scans and the mean of
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s c a n s  i n  one c o o r d i n a t e  f o r  a g iv en  s o u r c e .  The s h i f t
p r o d u c e d  by th e  o u t p u t  t im e  c o n s t a n t  was e v a l u a t e d  by
o b s e r v i n g  th e  d i s p l a c e m e n t  p ro d u c e d  i n  s c a n s  on s o u r c e s  o f
h ig h  s i g n a l / n o i s e  r a t i o ,  and was removed from e ach  o f  t h e s e
d i f f e r e n c e s .  The d i f f e r e n c e s  were c a l c u l a t e d  f o r  l a r g e
numbers o f  s o u r c e s  i n  d i f f e r e n t  r a n g e s  o f  f l u x  d e n s i t y .  The
r e s u l t i n g  s t a n d a r d  e r r o r s  f o r  s i n g l e  s c a n s  a r e  p l o t t e d  as  a
f u n c t i o n  o f  f l u x  d e n s i t y  i n  F i g u r e  2 . 3 ( a ) .  As e x p e c t e d  a t
a l e v e l  o f  50 beam a r e a s  p e r  s o u r c e  (S = 0 .10  f . u . ) ,  t h e
2700
m easu rem en t  o f  s o u rc e  c o o r d i n a t e s  r a r e l y  showed e v id e n c e  o f  
c o n f u s i o n  e f f e c t s .  The c u rv e  i n  F i g u r e  2 .3  t h u s  r e p r e s e n t s  
e r r o r s  i n  t h e  c o o r d i n a t e s  due t o  f a c t o r  1 above .
E r r o r s  from f a c t o r  2 we r e  . . e v a l u a t e d  by p l o t t i n g  
p o i n t i n g  c o r r e c t i o n s  f o r  b o th  d e c l i n a t i o n  and r i g h t  a s c e n s i o n  
a g a i n s t  h o u r  a n g le  f o r  o b s e r v i n g  s e s s i o n  11.  A s y s t e m a t i c  
dependence  s i m i l a r  t o  t h a t  fo u n d  by M e r k e l i j n  (1968) was 
o b t a i n e d .  Most s o u r c e s  were o b s e r v e d  a t  h o u r  a n g l e s  d i f f e r i n g  
by l e s s  t h a n  45 m in u te s  from th e  c a l i b r a t o r  so u r c e  t o  which 
t h e y  were  r e f e r r e d .  A pply ing  t h i s  Ar . a .  t o  t h e  above p l o t s  
i n d i c a t e d  t h a t  t h e  s t a n d a r d  e r r o r  i n  th e  p o i n t i n g  c o r r e c t i o n  
( f a c t o r  2) i s  a b o u t  10 a r c  se c o n d s  i n  e i t h e r  c o o r d i n a t e .
E r r o r s  from f a c t o r  3 were o b t a i n e d  from t h e  s c a t t e r  
among p o i n t i n g  c o r r e c t i o n s  d e te r m in e d  from c a l i b r a t o r s  
m easu red  a t  s i m i l a r  h o u r  a n g l e s  and w i t n i n  two h o u r s  o f  t im e .  
The s c a t t e r  i s  a b o u t  6 a r c  s e c o n d s ,  s i m i l a r  t o  t h a t  found  i n
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Figure 2.3(a). Standard error in coordinate measurement 
from a single scan.
Figure 2.3(b). Estimated average standard error in the 
measurement of either source coordinate.
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p r e v i o u s  s e r i e s  o f  p o s i t i o n  m easu rem en ts  a t  P a r k e s .
, F a c to r s  2 and 3 th u s  p ro d u c e  a c a l i b r a t i o n  e r r o r  o f  1 1 .7
a r c  s e c o n d s .  The t o t a l  s t a n d a r d  e r r o r  i n  e i t h e r  c o o r d in a te
o f  a s o u r c e  i s  th e n  / ( a 2/n )  + ( 1 1 . 7 ) 2 a r c  s e c o n d s ,  where o \
l
i s  th e  e r r o r  f o r  a s i n g l e  sc an  a s  r e a d  from  F ig u re  2 . 3 ( a ) /  
and n i s  th e  number o f  s c a n s .  The e s t i m a t e d  t o t a l  e r r o r  i n  
e i t h e r  c o o r d i n a t e  i s  shown in  F ig u r e  2 . 3 ( b ) .  The c u rv e  h as  
been  c a l c u l a t e d  from  th e  above e x p r e s s io n  w i th  n a s  t h e  mean 
number o f  s c a n s  p e r  c o o r d i n a t e  made f o r  s o u r c e s  i n  each  
range  o f  f l u x  d e n s i t y .
2 .6  Com parison  w i th  O th e r  O b s e r v a t io n s
The r i g h t  a s c e n s io n s  in  t h e  4C c a t a lo g u e  ( P i l k i n g t o n  
and  S c o t t  1965; Gower, S c o t t ,  and  I J i l l s  196 7) a re  o f  s i m i l a r  
a c c u ra c y  to  th o s e  o f  th e  P a rk e s  2 70 0 MHz c a t a l o g u e .  The 
h i s to g r a m s  o f  F ig u r e  2 .4  p r e s e n t  th e  r e s u l t s  o f  a co m p a r iso n  
o f  th e  r i g h t  a s c e n s io n s  o f  s o u r c e s  common to  b o th  c a t a l o g u e s .  
S o u rc e s  f o r  which t h e  2700 MHz o b s e r v a t i o n  i n d i c a t e d  a lo b e  
s h i f t  o r  p o s s i b l e  c o n fu s io n  i n  th e  4C o b s e r v a t i o n  have been  
e x c lu d e d  from  th e  sa m p le .  The h i s to g r a m s  show th e  num bers 
o f  d i f f e r e n c e s  ( r .a .P K S  -  r . a . 4 C )  f o r  t h r e e  ra n g e s  o f  
2700 MHz f l u x  d e n s i t y .  The mean d i f f e r e n c e  f o r  th e  246 
s o u r c e s  i n  th e  t h r e e  ra n g e s  i s  + 0 .15  se c o n d s  i n  r i g h t  
a s c e n s io n  ( 2 . 3  a r c  s e c o n d s ) ,  and i s  o f  l i t t l e  s i g n i f i c a n c e .
The r e s u l t s  o f  F ig u r e  2 .4  a re  sum m arized  in  T ab le  2 . 4 .  The 
e x p e c te d  s t a n d a r d  d e v i a t i o n s  o f  e ac h  h i s to g r a m  a re  th e
36
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-5  -4  -3  -2  -1 0 +1 +2 +3 +4 +5
r.a. PKS -  r.a. 4C (seconds of time)
Figure 2.4. A comparison of the right ascensions obtained 
in the present work with those of the 4C catalogue.
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estimated mean standard deviations of the Parkes and 4C 
samples added in quadrature. The observed standard devia­
tions are slightly less; this is undoubtedly due to the 
exclusion of sources which are lobe shifted or confused in 
4C.
TABLE 2.4
RIGHT ASCENSION DIFFERENCES, PARKES - 4C
S2700 Sample S2700 S178 Standard Deviation
(f .u.) size (f .u.) (f .u.) Expected Observed
0.30 - 0.50 91 0.38 3.52 1?70 1?49
0.50 - 0.80 73 0.63 4.86 1.56 1.53
>0.80 82 1.37 7.69 1.39 1.23
Eight percent of all sources common to the two 
catalogues were found to be lobe shifted in the 4C catalogue. No 
declination comparison has been made because the estimated 
errors in the 4C declinations are an order of magnitude 
larger than those of the present observations.
The work of Clarke and Munro (1968) indicates indirect­
ly that there is no systematic discrepancy between right 
ascensions in the Parkes 2700 MHz catalogue and those 
determined with the fan beam of the Molonglo Cross. They 
compared right ascensions from the fan beam survey with 4C, 
and in the declination zone +4° to -4° they found a mean 
difference of about 0.05 seconds in right ascension. The 
result is not significant? however, it is in the same sense
38
as the mean discrepancy between Parkes 2700 MHz and 4C found 
above, and indicates good agreement between the right 
ascensions of the Molonglo fan beam survey and the Parkes 
2700 MHz catalogue. Hunstead (1369) has compared Molonglo 
Cross positions with Parkes transit positions (Shimmins et 
al. 1966, Shimmins 196 8a; again no systematic error is 
apparent in either right ascension or declination for the 
+4° to -4° declination zone. The calibration grid used in 
the present position observations is an expanded version of 
that used in the transit observations, and hence no systematic 
discrepancy between the source positions in Tables AII.l and 
All.2 and Molonglo Cross positions is anticipated.
The comparisons indicate that <1) error estimates for 
both the Parkes 2700 MHz catalogue source positions and the 
4C right ascensions in the +4° to -4° declination range are 
satisfactory, and (2) in this declination zone no systematic 
discrepancies in coordinates exist between 4C, Molonglo, and 
Parkes 2700 MHz catalogue positions.
2.7 The 2700 MHz Flux Densities
The peak flux density was obtained for each source by 
measuring the amplitudes of the smoothed scans. Corrections 
for telescope setting errors were applied to the computed 
averages of the right ascension and declination scan amplitudes. 
These corrections were determined from the known shape of the 
telescope beam and from the differences between the apparent
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(measured) coordinates and the coordinates to which the 
telescope was set for either scan series. The average of the 
two estimates of scan amplitude thus obtained was then 
multiplied by a factor of the order of 1% which corrected 
for changes in atmospheric attenuation and dish efficiency 
with zenith angle. The correction curve used was kindly 
supplied by Drs. J. A. Roberts and Beverley Harris, and is 
shown in Figure 2.5. The peak flux density was finally 
obtained by relating the corrected source amplitude to the 
deflection produced by the (nominal) 1°K. noise calibration 
signal which was recorded at least once during the measure­
ment of each source.
The precise value of the noise calibration signal in 
flux units was determined for each observing session as 
follows. The flux density scale adopted is based on the 
assumption of ^2700 2 23.5 f.u. for the peak flux density of 
PKS 0915-11 (Hydra A). The scale is believed to be within 
5% of absolute, and is the same as that of Harris (1969), 
which is in turn very close to the scale of Kellermann (1964). 
In session 9, the noise calibration signal was carefully 
measured against Hydra A, and in order to provide a uniform 
scale for all sessions, a large number of the stronger 
sources (S27QQ >_ 1.0 f.u.) in the ±4° declination zone were 
also observed. These were used as a system of sub-calibrators 
for each of the other 10 sessions. The estimated standard
40
5 0 0 9  MHz /
b - c /
O  1.06
/  /5 0 0 9  MHz 
/ /  aO  104
270 0  MHz
Zenith Angle (degrees)
Figure 2.5. The 2700 MHz curve indicates the correction 
applied to flux densities for the effects of atmos­
pheric attenuation and aperture efficiency. The 5009 
MHz curve used for session (a) indicates the correction 
applied for the same factors with the telescope focus 
optimized for each observation. The curve for sessions 
(b) - (c) compensates in addition for fixed focus.
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error in assigning a value to the noise calibration in 
tnis manner is listed for each session in Table 2.2. Wo 
significant changes in the value have been found during the 
course of any observing session at 2700 MHz (A.J. Shimmins, 
personal communication).
when the flux density of a source was measured at only 
one position angle, correction was made for linear polariza- 
tion if the data were available (Gardner, Morris, and Whiteoak 
1969 and personal communication).
Many of the stronger sources have angular dimensions 
sufficiently large to produce a significant difference 
between the peak flux density and the integrated or true flux 
density. Most such sources were observed at 5009 MHz (§4.1) 
with the Parkes telescope which has a half power beamwidth of 
4.0 arc minutes at this frequency. The factors by which peak 
flux densities at 5009 MHz were multiplied to obtain 
integrated flux densities (the "size factors") were computed 
or obtained as described in §4.1. The size factors appropriate 
to the 2700 MHz beamwidth were obtained from the 5009 MHz 
size factors by
S .F . (2700 MHz) = 1.00 + . 25 7 [s ,F . (5009 MHz) - 1.00o]-(2.1) 
The factor 0.257 is the ratio of the beam volumes. For the 
few sources not observed at 5009 MHz and for which beam 
broadening was evident at 2700 MHz, size factors were computed 
in the conventional manner.
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Peak f l u x  d e n s i t i e s  and e s t i m a t e d  e r r o r s ,  t o g e t h e r  w i th  
t h e  s i z e  f a c t o r s ,  i n t e g r a t e d  f l u x  d e n s i t i e s ,  and p o s i t i o n  
a n g l e s  o f  o b s e r v a t i o n  where r e l e v a n t ,  a r e  l i s t e d  f o r  th e  
c a t a l o g u e  s o u r c e s  i n  T a b le s  A I I . l  and A l l . 2.
2 . 8  E r r o r s  i n  th e  F l u x  D e n s i t i e s
2 . 8  ( i )  C o n fu s io n
C o n fu s io n  e f f e c t s  a r e  b a s i c a l l y  o f  two t y p e s  -  
"m ask in g ” due t o  t h e  p r e s e n c e  o f  s o u r c e s  s t r o n g e r  t h a n  t h o s e  
b e in g  c a t a l o g u e d ,  and  b ack g ro u n d  i r r e g u l a r i t i e s  c a u s e d  by 
th e  i n t e g r a t i o n  o f  t h e  u n d e r l y i n g  s o u r c e s  i n t o  a con t inuum  
by t h e  a n te n n a  beam. The f i r s t  b e a r s  d i r e c t l y  on th e  
c o m p l e t e n e s s  o f  th e  c a t a l o g u e  and i s  c o n s i d e r e d  i n  § 2 .8 .  The 
s e c o n d  a f f e c t s  b o th  m easu red  p o s i t i o n s  and i n t e n s i t i e s ,  and 
t h e  m a g n i tu d e  o f  t h e  e r r o r s  p r o d u c e d  i s  s e t  by t h e  s i z e  o f  
th e  f l u c t u a t i o n s  i n  th e  i n t e g r a t e d  b a c k g ro u n d .  C a l c u l a t i o n s  
t o  d e te r m in e  th e  e r r o r  i n  f l u x  d e n s i t i e s  have been  c a r r i e d  
o u t  and a r e  p r e s e n t e d  i n  Appendix  I ,  f rom where t h e  
f o l l o w i n g  r e s u l t s  a r e  drawn;
( i )  With t h e  r e c e i v e r  o p e r a t i n g  i n  t h e  d u a l  beam 
c o n f i g u r a t i o n ,  th e  s t a n d a r d  e r r o r  i n  f l u x  d e n s i t i e s  due t o  
b a ck g ro u n d  i r r e g u l a r i t i e s  i s  0 .0 1 0  t* o 0 5  ^*u * a t  2700 MHz.
( i i )  T h is  q u a n t i t y  i s  p r i n c i p a l l y  d e t e r m i n e d  by th e  
number -  f l u x  d e n s i t y  r e l a t i o n  f o r  th e  p o p u l a t i o n  o f  s o u r c e s  
h a v in g  i n t e n s i t i e s  b e tw ee n  0 .010  and 0 .0 0 1  f . u .
An i n t e g r a t e d  s e r i e s  o f  10 s c a n s  shown i n  Appendix  I
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offers very limited statistical support of the confusion 
error estimate.
2.8 (ii) Receiver Output Fluctuations
Fluctuations in the receiver output due to noise 
and short term instabilities were very similar in all 
observing sessions. A formal evaluation of the standard 
error produced by receiver output fluctuations was made from 
a large sample of sources in session 9. The error in 
estimating flux density from a single scan was found to be 
0.014 f.u. Weak sources for which receiver noise was 
significant were measured with 8 or more scans, the error 
consequently being reduced to about 0.005 f.u.
2.8 (iii) Polarization
To evaluate standard errors in flux densities 
resulting from measuring source intensities in only one 
linear polarization, a sample of 80 sources was chosen from 
those observed in session 9. The selection criteria were 
(i) 0.16 <_ ^2700 1 9»42 f.u. and (ii) no previous attempts 
at optical identification. In session 9, each source was 
observed with 8 scans, 2 in each coordinate at a position 
angle of +45°, and 2 in each coordinate at a position angle 
of -45°. In the polarization error analysis, the four scan 
amplitudes at each polarization, corrected for setting 
errors, were taken to give estimates of the flux densities
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in the two polarizations for each source in the sample. The
percentage half differences between these two flux densities
v;ere calculated, and the results for all sources in the
sample were plotted in a histogram. The latter had standard
deviation 0 = Jo2 + o2 where a , is the standard error inpol n pol
flux density due to measurement in one polarization only,
and a is the standard error due to receiver noise and errors n
in the setting corrections. To evaluate an, the averages of 
the 4 scan amplitudes in both declination and right ascension, 
corrected for setting errors, were taken to give two in­
dependent estimates of the flux density. The half differences, 
calculated as a percentage of the mean flux density, were 
plotted in a histogram for all sources in the sample. The 
standard deviation of this histogram was an, and was
then directly calculated to be 2.9%.
•In consequence, all flux densities measured in only one 
polarization have been assigned an additional standard error 
of 2.9%. Flux densities so measured, and corrected to the 
mean of two orthogonal polarizations where data was available, 
have been assigned an additional error of 1%. This is represent­
ative of the accuracy of the polarization data (Gardner,
•Sorris and T7hiteoak 1969) .
2.8 (iv) Calibration
The standard errors in the values assigned to the 
injected noise calibration have been calculated for each
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o b s e rv in g  s e s s io n  and a re  l i s t e d  i n  T ab le  2 .2 .  The e r r o r s  
have been  c a l c u l a t e d  from  (1) th e  s c a t t e r  among s e v e r a l  
m easurem ents  made on th e  same s u b - c a l i b r a t o r s  i n  each  
s e s s i o n ,  and (2) th e  e s t i m a t e d  t o t a l  s t a n d a r d  e r r o r  i n  th e  
f l u x  d e n s i t i e s  o f  th e  s u b - c a l i b r a t o r s  m easu red  i n  s e s s i o n  9.
F u r t h e r  c a l i b r a t i o n  e r r o r  r e s u l t s  from  s h o r t  term  
g a in  f l u c t u a t i o n s ,  and in  m easurem ent o f  th e  i n d i v i d u a l  
d e f l e c t i o n s  p ro d u c e d  by th e  c a l i b r a t i o n  s i g n a l .  The combined 
e f f e c t  o f  t h e s e  e r r o r s  was e s t i m a t e d  by p l o t t i n g  c a l i b r a t i o n  
s i g n a l  d e f l e c t i o n s  a g a i n s t  s i d e r e a l  t im e .  The s c a t t e r  
i n d i c a t e d  a com bined s t a n d a r d  e r r o r  o f  1.3% f o r  a s i n g l e  
n o i s e  c a l i b r a t i o n  s i g n a l .
T o ta l  c a l i b r a t i o n  e r r o r  f o r  e a c h  so u rc e  i s  th e n
/ ( ^ r u n ^ 2 + d * 3 / n ) 2 %, where n i s  th e  number o f  n o i s e
c a l i b r a t i o n s  d u r in g  th e  o b s e r v a t i o n ,  and a i s  fromru n
T ab le  2 . 2 .
2 . 8  (v) S e t t i n g  C o r r e c t io n s
E r r o r s  i n  th e  s e t t i n g  c o r r e c t i o n s  depend on th e  
a c c u ra c y  to  which th e  a p p a r e n t  c o o r d i n a t e s  may be m easu red , 
and th e  m agn itude  o f  th e  d i s c r e p a n c y  be tw een  th e  s e t  and 
m easured  c o o r d i n a t e s .  A mean d i s c r e p a n c y  be tw een  s e t  and 
m easured  c o o r d i n a t e s  o f  50 a r c  se co n d s  was found  f o r  a 
l a r g e  sample o f  s o u r c e s  whose c o o r d i n a t e s  were o r i g i n a l l y  
e s t im a t e d  from su rv e y  r e c o r d s .  W ith 9 a r c  se co n d s  a s  an 
e s t i m a t e  o f  th e  s t a n d a r d  e r r o r  i n  m e a su r in g  a p p a r e n t
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Coordinates (§2.5), the mean error in setting corrections is 
about 1.0%. For many sources in the catalogue, accurate 
positions had been obtained prior to measurement in the 
position/flux density programme. The standard errors in 
setting corrections were estimated as 0.2% for these sources, 
the error being greatly reduced because of the smaller 
differences between measured and set coordinates.
2.8 (vi) Zenith Angle Factor
The error in the zenith angle factor was estimated 
as 0.5% for all zenith angles.
2.8 (vii) Receiver Non-Linearity
For sources stronger than 6 f.u. at 2700 MHz, 
intensity measurements were made with on-source calibration 
as well as the standard off-source calibration. The means 
of on- and off-source calibration deflections were used -for 
the subsequent calculation of flux densities. The mean 
discrepancy between deflections was about 10% for Hydra A 
(peak ^2700 E 23.5 f.u.). For sources stronger than 6 f.u., 
a 1% standard error was assumed in correcting for non­
linearity as above.
2.8 (viii) Total Flux Density Errors
The errors shown in the catalogue, Table AII.l and 
All.2, are the square roots of the sums of the squares of the 
independent errors of § 2.3 (i) to §2.8(vii). Averaging the
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errors of all sources in all ranges of flux density produces 
the curve of mean error versus flux density shown in Figure 
2.6. The dominant source of error for sources having 
0.10 <_ Sp-jQQ <^0.40 f.u. is confusion (§2.8(i)), and for 
sources S2 7 0 9  ^0.40 f.u., polarization (§2.8(iii)).
TThere the polarization data was available, or the flux 
density measured at orthogonal position angles, calibration 
(§2.8(iv)) is the dominant source of error in the stronger 
sources. Receiver output fluctuations are not the dominant 
source of error at any flux density.
2.9 Comparison with Other Observations
Kellermann, Pauliny-Toth, and Tyler (1968) have 
published an accurate series of flux densities at 2695 MHz 
for 638 radio sources. The measurements we re carried out 
with the IT RAO 140-foot telescope. Quoted errors are about 
1% for the stronger sources and 0.04 f.u. for the weaker 
sources. In Figure 2.7, the Parkes 2700 MHz flux densities 
have been plotted against the Green Bank 2695 MHz flux 
densities. The circled points are sources for which 
relatively large size factors are necessary to obtain 
integrated flux densities from peak flux densities. The 
mean ratio ^2700^^26 95 *s -*-*°35 - *^07 (solid line, Figure 
2.7) indicating the Parkes flux density scale to about 3.7% 
higher than that of Kellermann et_ a_l. The scatter is in 
good agreement with error estimates.
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Figure 2.7. A comparison of the flux densities of the first 
parts of the PKS 2700 MHz catalogue with those measured at 
the NRAO. The sources for which the points are circled 
show considerable resolution in the PKS.observations at 
2700 MHz. The best fit line shown indicates a ratio of 1.035 
(PKS to NRAO) and the scales thus disagree by a little 
over 3.5%.
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Many o f  th a  2700 MHz f l u x  d e n s i t i e s  have been  com pared 
w i th  th o s e  o b t a i n e d  a t  P a rk e s  by M iss H a r r i s  (1969 and  
p e r s o n a l  c o m m u n ic a t io n ) . The s c a t t e r  a g a in  a g r e e s  w i t h  e r r o r  
e s t i m a t e s .
2 .1 0  R e l i a b i l i t y  and  C om ple teness
To d e s c r i b e  t h e  q u a l i t y  o f  c a t a l o g u e s  o f  d i s c r e t e  r a d io  
s o u r c e s  o b t a i n e d  from sky  s u r v e y s ,  Dixon and  Kraus (1968) 
have  d e f in e d  f o u r  q u a n t i t i e s :  i n c r e m e n t a l  and  t o t a l
r e l i a b i l i t i e s ,  and in c r e m e n ta l  and t o t a l  c o m p le te n e s s e s .  The 
r e l i a b i l i t i e s  d e s c r ib e  th e  p r o b a b i l i t y  o f  t h e  s o u r c e s  i n  
q u e s t i o n  b e in g  r e a l .  The c o m p le te n e s s e s  d e s c r i b e  th e  
r a t i o  o f  s o u r c e s  i n  th e  c a t a l o g u e  to  th o s e  w hich s h o u ld  
a p p e a r  i n  th e  c a t a lo g u e  by v i r t u e  o f  t h e i r  t r u e  f l u x  d e n s i t y .  
" I n c r e m e n ta l "  and " t o t a l "  r e f e r  r e s p e c t i v e l y  t o  th e  s o u r c e s  
h a v in g  f l u x  d e n s i t i e s  i n  th e  ran g e  S t o  S+AS, and  t o  a l l  
s o u r c e s  o f  f l u x  d e n s i t y  >S. As p o i n t e d  o u t  by Dixon and 
K rau s , th e  q u a n t i t i e s  can be a c c u r a t e l y  e v a l u a t e d  o n ly  i f  a 
su rv e y  a t  th e  same f re q u e n c y  and o f  h i g h e r  a n g u la r  r e s o l u t i o n  
has  been  c a r r i e d  o u t  t o  a lo w e r  l i m i t i n g  f l u x  d e n s i t y  o v e r  
th e  same a r e a  o f  sk y ,  o r  a t  l e a s t  o v e r  a s i g n i f i c a n t  f r a c t i o n  
o f  i t .  However, i n d i r e c t  e s t i m a t e s  o f  th e  q u a n t i t i e s  may be 
made, and th e s e  r e p r e s e n t  th e  b e s t  e v a l u a t i o n  o f  s u rv e y s  o f  
d i s c r e t e  s o u r c e s .
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2.10 (i) Reliabilities
The procedure of following the survey with position/ 
flux density observations has ensured that no spurious sources 
were added to the catalogue by interference or by receiver 
noise. Hence the only factor affecting the reliability is 
the confusion effect of "blends", in which several weak 
sources of small angular separation are integrated by the beam 
to appear as a single small diameter source. The number of 
blends accepted as sources above the nominal limit of the 
selected region catalogues (s2700 = f«u.) is negligible,
as shown in the following considerations.
(1) Confusion effects were apparent on the position/ 
flux density records for less than 10% of all sources 
stronger than 0.10 f.u. Of this fraction, the number 
showing beam broadening which might indicate blending was so 
small as to be insignificant. The confusion effects generally 
took the form of sloping baselines indicating the presence
of weak neighbouring sources at separations greater than a 
beamwidth.
(2) In a comparison of the OSU 1415 MHz survey with 
the 4C survey, Dixon and Kraus (1968) found a lower limit to 
the total reliability for the latter of 98%. The result is 
in agreement with a comparison of the 4C catalogue with the 
selected region surveys. Out of 43 4C sources in the 
selected regions, only one (4C-02.1) does not appear on the
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survey records; it may have a very steep spectrum. At the 
lower limit to 4C {S^^-2 f.u.) the source density is one per 
28 primary beam areas, while for the selected regions, at 
Ö2700 ~ 0.10 f.u. the source density is one per 50 beam areas.
On this criterion then, the total reliabilities for sources 
in the selected regions and the ±4° declination zone 
catalogues are estimated to approach 100%.
2.10 (ii) Completeness
The completeness of a survey is affected by two 
factors; (1) the failure to catalogue sources stronger than
the nominal survey limit because of receiver noise and back­
ground irregularities, and (2) the masking of sources relatively 
near the catalogue limit by stronger sources.
For the selected region surveys, the considerations 
of §2.2 (i), 2.8 (ii), and 2.10 (i) indicate that factor 1 is 
not significant. The effect of 2 has been estimated by a 
simple experiment. An area of sky corresponding in size to 
the selected regions was simulated by random placement of
- 1 Asources obeying a number - flux density relation N = 104 
(Shimmins et_ a_l. 1968), and plotted on the same scale as the 
original maps of the regions. The fraction of sources in 
each range of flux density Trhich were masked by stronger 
sources was found by laying the simulated region over each of 
the selected region maps. The smoothed results are shown in 
Table 2.5. Total completeness is estimated to 38% at
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S2700 ~ 0.10 f.u. It will be somewhat less than the 9 7% 
indicated at S2700 = f-u. as factor 1 becomes
significant.
TABLE 2.5
COMPLETENESS OF SURVEY
S2700
(f.u.)
Completeness
Total (%) Incremental (%)
082 97.0
105 98.0
148 99.0
218 99.5
302 100.0
594 100.0
94.5
96.0
97.0
98.0
100.0
The source density in the +4° to -4° declination 
zone survey is such that completeness was originally estimated 
directly as ~  ^ 0 ^ 5 f.u. for all right ascensions
surveyed except 05n to 06 . In this region the survey has 
been estimated as complete to 0.50 f.u., the higher value 
being due to the presence of several weak, extended HII 
regions. The estimate of 0.35 f.u. over most of the survey 
region is supported by two considerations. Firstly about 
150 4C sources which did not appear in the ±4° zone catalogue 
have been observed at 2700 MHz (Mall and Shinmins, un­
published data.) Out of these, only two were found to be 
stronger than 0.35 f.u., and were consequently added to the 
catalogue. Secondly, there is excellent agreement between
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the source densities found for ^ ^ qc) = ^. 35 f.u. from the 
selected region surveys and from the ±4° zone survey.
(The use of source counts in estimating completeness 
can be misleading. For example Dixon and Kraus have 
estimated completeness for the OSU survey by considering 
deviation of the low flux density numbers from a best fit 
line of -1.5 in their log 1! - log S diagram. The counts 
deviate from this line at about 1000 sources per steradian.
The counts of Gower (19S6) and Pooley and Ryle (19S8) both 
show decreasing slope at this source density, and the fact 
that this completeness estimate agrees with two others made 
by Dixon and Kraus provides little justification for the 
procedure).
Time variations in the high frequency flux 
densities of some sources indicate that to be formally correct, 
the epoch should be included in descriptions of completeness 
for high frequency surveys. The observations of Chapter 4 
show that the number of sources likely to be variable at 
2700 HHz is small enough that the point does not require 
further consideration.
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CHAPTER 3
OPTICAL IDENTIFICATIONS
Presented in this chapter are the results of the 
optical identification programme: for the sources discovered in 
the surveys of Chapter 2. The chapter consists essentially of 
two papers, the first by Miss J.K. Merkelijn and Mali on the 
galaxy identifications, and the second by J.G. Folton and 
Wall on the quasi-stellar object identifications. The 
former appears as §3.1 in a form very similar to that 
submitted for publication. The latter appears in §3.2? 
the introduction has been reduced as some of the content is 
in Chapter 2 and §3.1. Furthermore, the brief discussion of 
relations between various OSO parameters has been omitted, 
and appears where relevant in Chapters 5, 6, and 7.
3.1 Galaxy Identifications from the Parkes 2700 MHz 
Surveys the Selected Regions, and the ±4° Declination Zone
By Jeannette K. Merkelijn* and J.V„ Wall
3.1 (i) Introduction
The coordinates of all sources in the catalogues 
resulting from the first two parts of the Parkes 2700 MHz 
survey (r7all, Shimmins, and Merkelijn, in preparation) have 
been measured accurately in order to obtain complete
* Division of Radiophysics, C.S.I.R.O. Sydney, N.S.W., 
Australia. Now at The Observatory, Leiden, The 
Netherlands.
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identification statistics. In this paper v;e present the 
galaxy identifications? the quasi-stellar object identifi­
cations will be presented in a companion paper (bo 1 ton and 
Mail, in preparation) .
3.1 (ii) The Position Measurements and Identification 
Procedure
The positions of all the survey sources have been 
measured with the Parkes 210-foot telescope and the 2700 MHz 
broad-band correlation receiver (Batchelor, Brooks, and 
Cooper 1268) equipped with a dual beam feed system. The feed 
system produces on- and off-axis beams separated by 18.5 arc 
minutes and the difference between the signals at the two 
feeds is recorded. The main beam is approximately Gaussian 
with a width of 7.9 arc minutes to half-power points. The 
position of each source was measured by scanning the main 
beam through the source several times in both right ascension 
and declination. The resulting apparent positions were 
corrected for hour angle and diurnal pointing errors by 
observing sources from the Parkes grid of pointing 
calibrators. The position measurements are described in 
detail in the presentation of the 2700 MHz catalogue? 
similar observations have been described by Merkeiijn (1968, 
1969). The standard error in the position measurements 
averages 12 arc seconds in both coordinates for sources 
stronger than ^70 0 = 1.5 f.u., 16 arc seconds for sources
of S2700 0.15 f.u., and increases rapidly for sources of
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still lower flux densities.
The prints of the Palomar Sky Surveys were searched 
at the measured source positions with the aid of computer 
drawn transparent overlays. On these overlays a 2 arc 
minute square field, centered on the source position, is 
plotted together with the positions of ten nearby stars 
from the Smithsonian catalogue. The technique has been 
described in detail in previous Parkes identification papers.
3.1 (iii) The Identifications
The first part of the 2700 MTIz catalogue consists 
of all sources with $2700 — 0*19 f .u. in six selected 
regions of 41 square degrees each. Many sources for which 
2^ 700 < f-u. are also tabulated. The regions
correspond to areas covered by six tvjo-colour- (blue - 
ultraviolet) plates taken by J.G. Bolton with the 43-inch 
Schmidt telescope at Palomar. The centres of the plate areas 
are listed in Table 2.1. In Table AIII.l, 42 sources in 
these regions for which galaxies are considered as identifi­
cations are listed. The upper limit to the differences 
permitted between radio and optical coordinates was 1 arc 
minute; the criterion was varied according to optical 
apparent magnitude and estimated error in the radio position. 
Of the 42 sources, 6 had been previously identified (see 
references for Table AIII.l).
The second part of the 2700 MHz catalogue consists
5 8
of sources found in a survey of the declination zone 4-4° to
-4°. Right ascensions 06n00m to 07^21™ and 18n00m to 
h in19 ^ 40 , regions which are heavily obscured on tlie Sky 
Survey prints, were excluded from the survey. The catalogue 
is believed to be complete to 0.35 f.u. at 2700 MHz, and 
includes many weaker sources. In Table AIII.2 94 sources 
for which galaxies are considered as identifications are 
listed. The upper limit to coordinate discrepancies per­
mitted was 0.5 arc minutes, the criterion varying as above. 
Of the 94 sources, 45 had been identified in previous 
programmes (see references for Table AIII.2). For complete­
ness, 9 sources from Table AIII.l have been included in 
Table AIII.2.
Appendix III contains a description of the data 
presented in Tables AIII.l and AIII.2.
3.1 (iv) Finding Charts
Finding charts for the 80 new identifications of 
Tables AIII.l and AIII.2 have been prepared from [e]
Palomar Sky Survey prints. The scale is approximately 
5mm = 1 arc minute, and contrast has been increased over 
that of the originals. The finding charts have not been 
bound into the thesis.
3.1 (v) Conclusions
The two-colour plates which define the selected 
areas were taken in regions of negligible obscuration.
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Consequently, Table AIII.l is believed to contain all
galaxies in the selected regions -^ith S^ -^ qq >_ f«u. and with
m < 20^5, the elate limit. In the ±4° declination zone,pg -
heavy obscuration is evident on the Palomar Sky Survey for 
right ascensions 05^ to 9 7120m and 18'1 to 19u40m , and 
there may be significant obscuration up to 20^30ri. Outside 
these areas, Table AIII.2 is thought to be complete to the
limiting m of 20.5 and to S. = 0.35 f.u.pg '■ '2700
The present observations confirm most galaxy
identifications previously suggested for the ±4° declina­
tion zone. The identifications of galaxies with the 
following sources appear to be in error on the basis of the 
present observations;
Bolton and Ekers (1967)
Polton and Ekers (1967) 
Merkelijn (1969)
Clarke, Bolton, and 
Shimmins (1966)
Wyndham (1966)
0118-00, 0131-00, 0300-00 
0747-00, 1159-02
1307-00.7
0029+01, 0031+01, 0505+03, 
0932+02, 1354+01
0 35 8+0 0
In addition further position measurements on 
0439+01 and 1523+03 are necessary. The present observa­
tions indicate differences of about 30 arc seconds between 
the radio positions and the positions of the suggested 
galaxy identifications (Bolton and Ekers 1966a). Finally we 
note that Gent et ad. (1969) show the identification 
suggested for 0949+00 (Bolton and Ekers 1966a) to be
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incorrect o
The sources 023:?+002, 1103+002, and 1157-008 are 
identified with the bright spiral galaxies NGC 1055, 3 :21, 
and 4030 . These galaxies are :;normalr' in the radio sense? 
it is evident that surveys to fainter flux limits such as 
the present one will detect increasing numbers of such 
objects. "Finding charts’* for these three objects have been 
included with the others to illustrate the morphological 
characteristics.
The results of this investigation will be 
statistically examined elsewhere. In particular, one of 
us (J.K.M.) is using them in conjunction with other 
observations to derive an accurate luminosity function for 
radio galaxies.
3.1 (vi) Acknowledgements
We thank Mr. J .G. Dolton for his participation in 
the observations, and for his examination of source fields 
in conjunction with us. !7e also wish to thank Mr. A.J. 
Shimmins and Dr. R.N. Manchester for participation in the 
observing programme. Wall wishes to acknowledge a Research 
Scholarship from the Australian National University during 
the course of this work.
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3.2 Quasi-Stellar Objects in the Parkes 2700 MHz Surveys 
the Selected Regions, and the ±4° Declination Zone
by J.G. Bolton* and J.V. Wall
3.2 (i) Introduction
The first two parts of the Parkes 2700 MHz survey 
and the subsequent position measurements have been described 
in Chapter 2.
In order to aid in the positive identification of 
OSO's in the Parkes 2700 MHz surveys, a series of two-colour 
plates were taken with the 48-inch Schmidt telescope at 
Palomar in 1066 and 1968 by Bolton. Kodak 103a-0 plates 
were used and an exposure of 3 minutes was made behind a 
GG-13 (minus UV) filter followed by an exposure of 60 minutes 
behind a UG-1 (UV) filter. The telescope was displaced by 
12 arc seconds in right ascension between the two exposures. 
On most of these plates a stellar object with an ultra­
violet excess greater than (U-B) = -0.4 has an ultraviolet 
image brighter than the blue image. Plates which were taken 
under conditions of good seeing have a limit in the blue 
which is about half a magnitude brighter than the standard 
blue Sky Survey plates. Unfortunately it was not possible
to secure plates covering the entire ±4° declination zone;
h hno plates were obtained between right ascensions 14 1 and 171 ,
* Division of Radiophysics, C.S.I.R.O., M.S.W., Australia
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and the plates cover 6° 40 in declination compared to the 3° 
in declination for the equatorial zone survey. The areas 
covered by the photographic and radio surveys are shown in 
Figure 3.1. The six plates chosen for the selected region 
surveys were amongst a number which were taken in 1266 under 
conditions of good seeing in regions free from galactic 
obscuration. Five of these are in the ±4° survey zone, and 
one is at a declination of -18°. The plate centres are 
listed in Table 2.1.
3.2 (ii) Identification of QSO's
The Palomar Sky Survey prints and the two-colour 
plates, where available, were examined at the positions of 
the 310 sources in the selected area catalogues and the 50C 
sources in the ±4° zone catalogue. The examination was made 
with the aid of the computer-drawn overlays described in 
§3.1 (ii). Radio galaxies found in this examination have been 
discussed by Merkelijn and Tail (§3.1) .
In most cases where two-colour plates were 
available a positive identification of a radio source as a 
OSO could be made from the close positional agreement between 
the source and a stellar object with obvious ultraviolet 
excess. In the identification tables (Tables ÄIII.3 and 
III.4) such objects are denoted by 'UVX' in the comments 
column (13). Identifications for which the ultraviolet 
excess is less certain are indicated by 'UVX?1. In some
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cases these are objects which are noticeably brighter on the 
blue Sky Survey print than on the red but have almost equal 
images on the two-colour plate. These may be 030's having 
UV excess close to the known lower limit of  ^-0.4, due 
perhaps to a strong emission line in the blue region of the 
spectrum. In other cases where the plate was taken under 
conditions of poor seeing, the ultraviolet images are degraded 
and the colour balance of the place upset. However, UV 
excess is suggested from a comparison of the relative 
image intensities of the object in question and other objects 
of the same blue intensity within a radius of 20 arc 
minutes.
In the region not covered by two-colour plates 
identifications are suggested on the basis of coincidence 
in position between the source and an object which is 
relatively brighter on the blue than on the red 3ky Purvey 
print. Many such coincidences were found in regions which 
were subsequently covered in the 1968 series of two-colour 
plates. The existence of ultraviolet excess confirmed 
about two thirds of these as OSO’s.
Of the sources catalogued in the ±4° zone, 103 
were found to be OSO's or possible OSO's. Identifications 
for 36 of these have been published, 11 of which resulted 
from the present work. The two-colour plates yielded 
confirmation for 36, and redshifts for 6 of these have been 
obtained. Ä further 31 identifications are suggested but
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not confirmed. In the selected regions, an additional 29 
OSO's wore found, all confirmed by their ultraviolet excess.
Details of the identifications and suggested 
identifications are given in Appendix III, Tables AIII.3 
and AIII.4.
3.2 (iii) Finding Charts
The finding charts have been prepared from the 
blue Sky Survey prints, in the same fashion as those for 
the radio galaxies (§3.1(iv)). They have not been bound 
into the thesis.
3.2 (iv) Retraction of Previously Suggested Identifications
A number of possible identifications of Parkes 
catalogue sources in the ±4° zone suggested by Bolton and 
Ekcrs (1966b and 1967) can be retracted on the basis of the 
present work. These are PKS 0013-00, 0047-02, 0458-02, 
0854-03, 2121-01, and 2154-18. hore precise radio positions 
eliminate PKS 0047-02 and 0854-03, and the absence of ultra­
violet excess eliminates the remainder. Positional 
agreement in the case of PKS 0458-02 is very good; it may 
be an N-galaxy. The identification for PKS 0300-00 
originally suggested, as a galaxy by Bolton and Ekers (196 7) 
has been changed to a nearby QSO, as has the identification 
for PKS 0505+03 (Clarke, Bolton, and Shimmins 1966).
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3.2 (v) Additional Redshifts
Redshifts for six of the OSO's in Table AIII .4 'fere 
obtained by Bolton with the inage-tube spectrograph at the 
prime focus of the 120-inch telescope at Lick Observatory.
The sources are PKS 0038-020 (z = 1.176), 0118+03 (z = .673), 
0226-038 (z = .695), 0336-01 (z = .352), 0420-01 (z = .915), 
and 0421+019 (z = .689) .
3.2 (vi) Relationships between Various QSO Parameters
The version of this paper submitted for publication 
contained brief examination of four relationships for OSO's 
in the present sample. These are (a) radio spectra and flux 
density, (b) redshift and flux density, (c) flux density and 
visual magnitude, and (d) the log N - log S curve. Relations 
(a) and (c) are discussed in the context of both Chapters 5 
and 6, (d) in Chapter 5, and (b) in Chapter 7.
3.2 (vii) Acknowledgements
de would like to thank Miss J.K. berkelijn for 
assistance in examining the Sky Survey prints. Bolton wishes 
to thank Dr. Horace Babcock for permission to use the 48- 
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Dr. Robert Kraft for permission to use the 120-inch telescope 
to obtain spectra of some of the QSO's. Wall acknowledges 
receipt of an A.N.U. Research Scholarship during this work.
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CHAPTER 4
THE SPECTRA OF SOURCES IN THE PARKES 2700 MHZ SURVEYS 
I. THE OBSERVATIONS, AND SPECTRA OF INDIVIDUAL SOURCES
Spectral data for most sources in the 2700 MHz 
catalogues for which S27qq > 0.30 f.u. have been compiled in 
Table AIV.l of Appendix IV. Flux densities at 468, 635, 1403, 
2700, and 5009 MHz have been measured at Parkes. Those at 
178, 408, and 1415 MHz are from other observatories, and carry 
references in the table. Particulars of the observations are 
summarized in Table 4.1, and are discussed in the following 
sections. The source spectra which do not follow power laws 
are illustrated. The chapter concludes with brief discussions 
of some of these, and of the stronger sources in the 2700 MHz 
catalogues which do not appear in the 4C catalogue.
4.1 Flux Densities at 5009 MHz (x = 6.0 cm.)
During the loan of the NRAO 5009 MHz receiver to 
CSIRO, the flux densities of 1100 extragalactic radio sources 
were measured. About 750 of these flux densities have been 
published (Shimmins, Manchester, and Harris 1969, hereinafter 
referred to as SMH); the remainder are presented here.
Of the 344 sources catalogued in the ±4° declina­
tion zone with S270Q > 0.35 f.u., the flux densities of all 
but 24 were measured at 5009 MHz. Flux densities at this 
frequency were also obtained for many sources weaker than 
0.35 f.u. at 2700 MHz. The principal objectives of the
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programme were to determine the high frequency spectra for a 
statistically significant sample of the sources in the 
2700 MHz catalogue, and, by virtue of the smaller beamwidth, 
to provide corrections for partial resolution at 2700 MHz 
(the "size factors" of §2.7). These are essential in 
deriving the correct number - flux density relation at 
2700 MHz, as discussed in Chapter 6.
4.1 (i) Observations, Calibration, Reduction
The observations were carried out in 3 observing 
sessions, the dates of which are listed in Table 4.2. Twelve 
of the 5009 MHz flux densities listed in Table AIV.l are from 
SMH, and the corresponding sessions and dates are also in 
Table 4.2.
TABLE 4.2
5009 MHZ OBSERVING SESSIONS
Session
SMHSession Dates Epoch
Number of 
Sources
a May 30 - June 4, 1968 1968.42 125
b Aug. 1 - 3, 1968 1968.59 145
c Aug. 3 - 12, 1968 1968.61 85
d 2 May 4 - 5, 1968 1968.34 4
e 3 June 4 - 8, 1968 1963.51 2
f 4 July 12 - 16, 1968 1968.53 3
g 5 Aug. 4 - 7, 1968 1968.60 3
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The NRAO receiver, switched between on- and off- 
axis feeds for the present observations, produced a main 
beam 4.0 arc minutes to half power points, and r.m.s. 
receiver output fluctuations of 0.03 f.u. for a 1 second 
time constant. Receiver properties have been briefly 
described in SMH; in performance, the excellent short term 
stability should be mentioned.
In session (a), flux densities were measured by 
scanning through each source position as obtained from the 
2700 ItHz programmes (§2.4) approximately 8 times. Half of 
these scans were made in either coordinate, and orthogonal 
feed angles were used for each scan series. The scans were 
made at a rate of 0?25/minute with an output time constant 
of 1 second. Telescope focus is important at this wave­
length, and a curve of optimum position of the feed platform 
versus zenith angle was kindly supplied by D. Yabsley. The 
focus was reset for the observation of each source. The 
deflection produced by a noise calibration signal of about 
3 f.u., injected at the receiver input, was recorded during 
the observation of each source. The receiver output was 
recorded on chart running at 80mm/minute. A sample pair of 
scans is shown in Figure 4.1(a).
For sessions (b) and (c) the procedure was refined 
slightly. Eight scans were again made for each source, but 
with pairs of scans at orthogonal feed angles in either 
coordinate. Two noise calibrations were made during the
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5009 MHz scans through 1054+004|__ 
Dec set +00
Figure 4.1(a). A pair of scans at 5009 MHz through the 
source 1054+004. Half-power beamwidth is 4.0 arc minutes
635 MHz scan
Declination -03
Scan rate 2
T/C 2
0150-031,
Figure 4.1(b). A portion 6f^a scan in the 635 MHz 
survey of the ±4° declination zone. Half-power beam- 
width is 30.5 arc minutes.
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dec. set -03~ 10'.6
P h a r f  cnoprl 90 m m / M .
Figure 4.1(c). A sample record of the observations 
with the Parkes interferometer from which flux 
densities at 468 MHz and 1403 MHz were obtained.
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O b s e r v a t io n  o f  each  s o u r c e .  The t e l e s c o p e  fo c u s  was k e p t  
c o n s t a n t  i n  o r d e r  t o  s a v e  o b s e r v in g  t im e ,  and s o u rc e  a m p l i tu d e s  
were c o r r e c t e d  f o r  th e  c o n s e q u e n t  s m a l l  r e d u c t io n  in  
t e l e s c o p e  g a in  (se e  F ig u r e  2 . 5 ) .  A lo w e r  scan  r a t e  o f  
0 ? 2 /m in u te  was u s e d .
F o r  s o u r c e s  s t r o n g e r  t h a n  *^.8 f . u .  a t  5009 MHz, 
g e n e r a l l y  o n ly  4 sc an s  w ere m ade. The s c a n s  f o r  s e v e r a l  o f  
t h e  w e a k e s t  s o u rc e s  (S^qq  ^ ^ * 1 5  f . u . )  were augm ented by a 
s e r i e s  o f  on -  o f f  o b s e r v a t i o n s ,  and f o r  a few o f  t h e s e  th e  
f l u x  d e n s i t y  was o b t a i n e d  i n  o n ly  one ( l i n e a r )  p o l a r i z a ­
t i o n  a s  i n d i c a t e d  i n  T ab l«  A I V . l .
The d e t e r m i n a t i o n  o f  f l u x  d e n s i t i e s  from th e  sc a n s  
fo l lo w e d  th e  p ro c e d u re  f o r  t h e  2700 MHz f l u x  d e n s i t i e s  ( § 2 . 6 ) .  
The e f f e c t s  o f  r e c e i v e r  n o n - l i n e a r i t y  a g a in  w ere removed by 
t a k in g  th e  mean o f  c a l i b r a t i o n  d e f l e c t i o n s  from n o i s e  
i n j e c t i o n  b o th  on and o f f  t h e  s t r o n g  s o u r c e s .  The c u rv e s  o f  
z e n i th  a n g le  c o r r e c t i o n  f a c t o r s  a r e  shown i n  F ig u r e  2 . 5 .
Curve (a) i n d i c a t e s  t h e  c o m p e n sa tio n  f o r  ch an g es  i n  
a tm o s p h e r ic  e x t i n c t i o n  and  a p e r t u r e  e f f i c i e n c y  w i th  z e n i t h  
a n g le .  I t  was k in d ly  s u p p l i e d  by D. Y absley  who o b t a i n e d  i t  
by o b s e r v a t i o n  o f  s o u rc e s  o v e r  a l a r g e  ran g e  i n  z e n i t h  a n g le  
w i th  th e  t e l e s c o p e  fo c u s  o p t im iz e d .  Curve ( b ) - ( c ) ,  t a k e n  
from SMH, com p en sa te s  i n  a d d i t i o n  f o r  th e  e f f e c t  o f  f i x e d  
f o c u s ,  and was o b t a i n e d  from  th e  o b s e r v a t i o n s  o f  PKS 0915-11 
(Hydra A) o v e r  a wide ra n g e  i n  z e n i t h  a n g le  by SMH and W all,  
su p p lem en ted  by d a t a  on t h e  same s o u rc e  k i n d ly  s u p p l i e d  by
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Dr. Miller Goss.
Following SMH, the flux density scale was based on 
the assumption of = 13.5 f.u. for: PKS 0915-11. The size
factor of 1.034 for the 4 arc minute bcaie (Miss Harris, personal 
communication) indicates a corresponding peak flux density 
of 13.05 f.u. In sessions (b) and (c), the value of the 
noise calibration signal was determined directly from several 
observations of 0915-11. As for the 2700 MHz sessions 1 to 8, 
the value of the calibration signal in session (a) was 
determined by using several of the stronger sources observed 
in (a) as sub-calibrators, and re-observing these sources in 
(b) and (c). Repeated observations indicated no change in 
the value of the calibration signal during any observing 
session.
4.1 (ii) Errors in Peak Flux Densities
The sources of error in the peak flux densities are 
identical to those in the 2700 MHz flux densities (§2.8). 
However, there are changes in the relative importance of the 
factors.
The standard error due to background irregularities 
was estimated by a similar analysis to that for 2700 MHz 
(Appendix I), and the result is 0.003 f.u. Confusion error 
is consequently negligible for the weakest sources measured 
in this programme.
Errors due to receiver output fluctuations were 
directly estimated as in §2.8(ii) for each observing session.
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The s t a n d a r d  e r r o r s  i n  e s t i m a t i n g  t h e  f l u x  d e n s i t i e s  from  a 
s i n g l e  s c a n  w ere  fo u n d  t o  b e  0 . 0 3 0 ,  0 . 0 1 8 ,  and 0 . 0 2 4  f . u .  
f o r  s e s s i o n s  ( a ) ,  ( b ) , and (c)  r e s p e c t i v e l y .  The d i f f e r e n c e s
a r e  a t t r i b u t e d  t o  w e a t h e r  c o n d i t i o n s ?  c o n s i d e r a b l e  h e a v y  
c l o u d  i n  s e s s i o n  (a) i n  p a r t i c u l a r  p r o d u c e d  many u n s t a b l e  
b a s e l i n e s .  F or a l l  s e s s i o n s ,  h o w e v e r ,  8 s c a n s  r e d u c e d  th e  
s ta n d a r d  e r r o r  due t o  r e c e i v e r  o u t p u t  f l u c t u a t i o n s  t o  0 . 0 1  
f . u .  o r  l e s s .
F o r  t h e  few  s o u r c e s  i n d i c a t e d  i n  T a b le  A I V . l  t o  be  
m ea su red  i n  o n ly  one  p o l a r i z a t i o n ,  an a d d i t i o n a l  e r r o r  o f  
5^% s h o u ld  b e  add ed  i n  q u a d r a tu r e  t o  t h e  q u o t e d  e r r o r .  No 
fo r m a l  e v a l u a t i o n  o f  t h i s  e r r o r  h a s  b e e n  c a r r i e d  o u t  a s  was 
done f o r  t h e  2700 MHz f l u x  d e n s i t i e s  ( § 2 . 3 ( i i i ) ) .
S ta n d a r d  e r r o r s  i n  t h e  v a l u e  o f  t h e  n o i s e  
c a l i b r a t i o n  w ere  c a l c u l a t e d  f o r  e a c h  s e s s i o n  a s  d e s c r i b e d  
i n  § 2 . 8 ( i v ) .  The c a l i b r a t i o n  d e f l e c t i o n s  w ere  a g a in  p l o t t e d  
a g a i n s t  s i d e r e a l  t im e  t o  o b t a i n  t h e  s c a t t e r  due t o  m e a s u r e ­
m ent and s h o r t  term  g a i n  f l u c t u a t i o n s .  A d d in g  t h e s e  two  
s o u r c e s  o f  e r r o r  i n  q u a d r a tu r e  r e s u l t e d  i n  t h e  s ta n d a r d  
e r r o r s  o f  c a l i b r a t i o n  1. 4%,  1.0%,  and 1.2% f o r  r u n s  ( a ) ,
(b) , and (c)  r e s p e c t i v e l y .
The p r i n c i p a l  d i f f e r e n c e  b e tw e e n  t h e  e r r o r  a n a l y s e s  
f o r  t h e  2700 MHz and t h e  5009  MHz p eak  f l u x  d e n s i t i e s  i s  in  
th e  e v a l u a t i o n  o f  t h e  e r r o r s  f o r  t h e  s e t t i n g  c o r r e c t i o n s . 
I n a c c u r a c y  in  m e a s u r in g  t h e  a p p a r e n t  c o o r d i n a t e s  from  t h e  
s c a n s  c a u s e s  c o n s i d e r a b l y  l a r g e r  e r r o r s  i n  th e  s e t t i n g
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corrections at 5002 MHz because of the smaller beamwidth.
By considering (1) the individual differences between the set 
and apparent coordinates as determined from the scan centroids, 
and (2) the accuracy to which the apparent coordinates could 
be measured, the standard errors in setting corrections were 
evaluated separately for each source. For many sources, 
errors in the setting corrections were found to be the 
dominant errors in the peak flux densities.
The standard errors in the zenith angle correction 
factor were taken as 1.0% for zenith angles 20° to 40°, 1.5% 
for the zenith angles 40° to 50°, and 2.0% for zenith angles 
50° to 60°. These errors were estimated from the scatter in 
the observations used in the determination of the factor.
For sources stronger than 4.0 f.u. at 5009 MHz, a 
standard error of 0.5% was assumed in the procedure of 
removing non-linearity effects with on-source off-source 
calibration.
The final standard errors in the 5 009 MIIz peak flux 
densities are the square roots of the sums of the squares of 
the independent errors discussed above. In Figure 4.2, the 
mean error in each range of peak flux density has been plotted 
against flux density. Receiver output fluctuations dominate 
below 0.30 f.u.,° for the stronger sources, calibration 
errors, and errors in setting corrections and in zenith angle 
factors are all significant.
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4.1 (iii) The Angular Extent of the Sources
With a 4.0 arc minute beam, many of the stronger 
sources are partially resolved, and careful determination 
of size factors is necessary to obtain accurate flux 
densities. The point has been emphasized by SMH.
Available data on angular structure for the present 
sample of sources is collected in Table 4.3. All source 
records obtained in the 5009 MHz programme have been examined 
for beam broadening by means of transparent overlays, and 
information on the angular extent of partially resolved 
sources thus obtained has also been entered in Table 4.3.
Size factors have been computed in the conventional manner; 
formulae are given in SMH. As stated in SMH, strong sources 
extended east-west or north-south by 1* show detectable beam 
broadening and the resultant size factor is 1.05. The size 
factors (and consequently the flux densities) will be under­
estimated if the extension is along position angles 45° or 
135°. Fortunately, structural data is available for most of 
the apparently bright sources. For sources having peak flux 
densities < 0.5 f.u., beam broadening becomes increasingly 
difficult to detect. However, such sources are generally 
more distant and the likelihood of partial resolution 
diminishes with flux density. For instance, Wall, Cole, and 
Milne (1968 and unpublished Parkes interferometer results) find 
that only 35% of all sources with S27qq >_ 1.9 f.u. have 
angular dimensions >_ 0.2 arc minutes. For this sample of
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TABLE 4 . 3
DATA OK SOURCE STRUCTURE FOR SIZE FACTOR CALCULATIONS
S i z e  F a c t o r
S o u r c e D a ta  on S t r u c t u r e R e f e r e n c e s 5009 MHz 2700 MHz
0 0 0 3 - 0 0 <3Ci" x 3 " 1 , 4 , 8 1 . 0 0 0 1 . 0 0 0
0 0 1C -00 < 0 . 7  x <o !3 4 , 8 1 . 0 0 0 1 . 0 0 0
0 0 2 5 - 0 0 7 D o u b le ,  s e p .  2 . 8 3 1 . 2 3 0 1 .0 5 9
0034 -0 1 T r i p l e ,  s e p .  18 NS; c o m p o n e n ts  2 7 1 . 0 1 1 1 .0 0 3
0 0 3 5 - 0 2 C ore  + h a l o ,  h a l o  20 10 1 . 0 0 0 1 . 0 0 0
0 0 3 6 - 0 3 l ! 8 (EW) x <o ! 5 (5009  MHz) 1 . 0 9 5 1 .0 2 4
0 0 5 1 - 0 3 < 0 .4  x <0 !25 2 , 4 1 . 0 0 0 1 . 0 0 0
0 0 5 3 -0 1 6 1 . 3  E'V \  T K S  0 053 -01  t g e p . 7 ) 9  EW 4 1 .1 0 5 1 . 0 2 7
0 0 5 3 -0 1 5 1 . 3  ™  ; 1 .1 0 5 1 . 0 2 7
0055 -0 1 2 ! 5 (N S ) x  1 .1 4 1 . 1 8 0 1 .0 4 6
0 1 2 2 - 0 0 < 0 !3  NS 2 1 . 0 0 0 1 . 0 0 0
0123 -0 1 D o u b l e ,  s e p .  5 . 7  NV/; c o m p o n e n ts  1 . 6 ,  2 . 6  E’>V. But  
s e e  c o n t o u r  map, F i g u r e  4.3» w h ich  d i s a g r e e s  w i t h  
i n t e r p r e t a t i o n  o f  t h e  i n t e r f e r o m e t r y .  S i z e  f a c t o r s  
f r o m  map.
4 , 8 1 .8 4 8 1 . 2 1 8
0 1 28^03 D o u b l e ,  s e p .  3*0 EW; c o m p o n e n t s  < 0 . 3  EW. O b s e r v a ­
t i o n  a t  5009 MHz i n d i c a t e s  t h a t  s o u r c e  i s
1 1
1 .5 ( N S )  x < 0 . 7 .  A weak s o u r c e  1 f . u . )  a p p e a r s
6 S on t h e  d e c l i n a t i o n  s c a n s .  2700 MHz o b s e r v a t i o n  
i n d i c a t e s  c o n f u s i o n  w i t h  t h i s  w e a k e r  s o u r c e ,  a s  
h a l f - p o w e r  w i d t h s  a r e  1 1 . 2 ( N S )  x 8 . 6  (HPBW 7 . 9 ) »  and 
t h e  p o s i t i o n  a t  2700  MHz ( c e n t r o i d  o f  s c a n s )  i s  2 S 
o f  t h a t  o b t a i n e d  a t  5009 MHz.
4 1 .071 1 . 0 1 8
0 2 1 8 - 0 2 <o ! 7(NS) x  <0 !25 4 , 8 1 . 0 0 0 1 . 0 0 0
0 2 4 0 - 0 0 « 0 ! 5(NS) x  < o ! 2 2 , 4 , 8 1 . 0 0 0 1 . 0 0 0
0305+03
1 I I I
D o u b l e ,  s e p .  0 . 3  NS; c o m p o n e n ts  1 . 0  x  1 . 5 ,  < 0 . 5 2 , 4 , 8 1 . 0 8 0 1 .021
0325+02 D o u b l e ,  s e p .  2 . 3  EW; c o m p o n e n t s  1 . 4 ,  0 . 7  EW 2 , 4 , 8 1 . 2 8 9 1 . 0 7 4
0 3 3 1 -0 1 D o u b l e ,  s e p .  0 . 8  EW: c o m p o n e n t s  < 0 . 6  EW 4 1 .031 1 . 0 0 8
0 3 3 6 -0 1 D o u b l e ,  s e p .  2 . 3  NS; c o m p o n e n t s  < 0 . 3  EW 4 , 8 1 . 0 0 0 1 . 0 0 0
0404+03
1 I » »
T r i p l e ,  s e p .  3*4 EW; c o m p o n e n t s  < 0 . 3 »  0 . 2 ,  0 . 2 4 1 .2 9 5 1 . 0 7 6
0 4 0 9 -0 1 <0^4 EW 2 1 . 0 0 0 1 . 0 0 0
0 4 1 6 - 0 3 1 ! 6(EW) x  <o ! 5 (5 0 0 9  MHz) 1 . 0 8 0 1 .021
0 4 4 0 - 0 0 < o " o 5 , < 1 "5 EW 9 , 1 1 . 0 0 0 1 . 0 0 0
051 1 + 0 0
1 1 1
D o u b le ,  s e p .  2 . 9  EW; c o m p o n e n t s  < 0 . 5 ,  1 . 3  E;
1
w e a k e r  s o u r c e  6 W.
4 1 . 0 8 5 1 . 0 2 2
0550+032 o ! 5(NS) x  l ! l  (5 0 0 9  MHz). S p e c t r u m  i n v e r t e d ,  a n d  
2700  MHz f l u x  d e n s i t y  i s  v a r i a b l e .  P o s s i b l y  h i g h  
an d  lo w  f r e q u e n c y  c o m p o n e n t s  a r e  w i d e l y  s e p a r a t e d ,  
o r  a  c o n f u s i n g  s o u r c e  i s  p r e s e n t .
1 . 0 4 2 1 . 0 0 0
0724 -0 1 o ! 45 EW 4 1 . 0 5 0 1 . 0 1 3
0736+01 <0 !2 5  EW 4 1 . 0 0 0 1 . 0 0 0
0742+02 D o u b l e ,  s e p .  1 . 9  NS: c o m p o n e n t s  < 0 . 5  EW 4 , 8 1 . 1 5 5 1 . 0 4 0
0812+02 <0 !3  EW - 4 1 . 0 0 0 1 . 0 0 0
0 8 1 2 - 0 2 < o i4 (N S )  x < o ! 25 4 , 8 1 . 0 0 0 1 . 0 0 0
0833 -0 1 1 ! 5(NS) x  2 ! 2  (5 0 0 9  MHz) 1 . 2 2 2 1 . 0 5 7
0949+00 1 lo (N S )  x < 0 O 4 , 8 1 . 0 2 3 1 . 0 0 6
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TABLE 4 .3  concluded
S ize  Factor
Source Data on Structure References § § 2700 MHz
1008-01 2!4(NS) x < o !5 (5009 MHz) 1.165 1.042
1039+02 <0^25 EW 4 1.000 1.000
1055+01 < 30"(NS) x <.05* 5,9 1.000 1.000
1059-01 Double, sep . 7 EW 1 1.000 1.000
1105+037 <o! 5(NS) x 3 !1 (5009 MHz) 1.262 1.067
1116-02 <1 75 EW 1 1.000 1.000
1118+000 <o! 5(KS) x 1.4 (5009 MHz) 1.062 1 .016
1138+01 Double, sep .  7 .3 1 1 .0 0 0 1 .0 0 0
1146-037 <0 ! 5(NS) x 2)2 1.142 1.036
1148-00 <24"(NS) x <!05 2 ,9 1 .0 0 0 1 .0 0 0
1215+03
1 1 
T r ip le ,  t o t a l  sep . 2.9  EW; components a l l  < 0 .4 4 ,5 1.277 1.071
1226+02 Double, sep .  19 6 1 .0 0 0 1 .0 0 0
1229-02 <0.4  x <0.4 2 1 . 0 0 0 1 .0 0 0
1330+02
• • 1
Double, sep .  1 .2  EWj components <0.3» 2.1 4 1.195 1.050
1354+01 ol 3 EW 4 1 .0 0 0 1 .0 0 0
1425-01 <.o! 25 EW 4 1 .0 0 0 1 .0 0 0
1434+03 <1 ' ( NS) x <o ! 25 4 ,8 1 .0 0 0 1 .0 0 0
1446+00 <0.25 EW 4 1 .0 0 0 1 .0 0 0
1509+01 < o ! 25 EW 4 1 .0 0 0 r .o o o
1514+00 T r i p l e , t o t a l  sep .  3 .0  EW; components 0 . 7 ,  1 . 1 ,  0 .7 4 1.225 1.058
1523+03 < o !25 EW 4 1 .0 0 0 1 .0 0 0
1559+02 Double, sep .  3*5 EW; components 1 .2 ,  2 .2 4 1.530 1 .136
1602+01
N
Double, sep .  8
1 i
1 .0 0 0 1 .0 0 0
1603+00 <o!25 EW 4 1 1 .0 0 0 1 .0 0 0
1701+024 l ! 8 (NS) x < o I5 (5009 MHz) 1 .1 0 2 1.027
1708+00 < 0 .5  EW 2 1 .0 0 0 1 .0 0 0
1712-03 <0.'5 EW 2 1 .0 0 0 1 .0 0 0
1717-00 Double, sep .  2 .5  EW; components 1.4 4 ,8 1.245 1 .063
1722-02 l!7(N S) x <o!5 1 .0 9 0 1.023
1741-03 A O VJl 3 2 1 .0 0 0 1 .0 0 0
1949+02 Double,  sep .  1 .3  EW; components 0 .6  EN 4 ,8 1.089 1.023
1949-01 1 *3(KS) x 3*2 (5009 MHz) 1.345 1.089
2044-02 < o ! 25 EW 4 1 .0 0 0 1 .0 0 0
2210+01 <o!25 EW 4 1 .0 0 0 1 .0 0 0
2 2 21-02 Double, sep .  3 .8  NS; components 0 .7  EW. But see  
5009 MHz contour map, Figure 4.3» which d isa g r e es  
with  in t e r p r e t a t io n  of the  in te r fe ro m e try .  S ize  
f a c t o r s  from map.
4 ,8 2.52 1.40
2313+03
ft
Double,,  sep .  6 EW 1 1 .0 0 0 1 .0 0 0
2324-02 1 ! 2(NS) x 1 .2 2 1.085 1 .0 2 2
2347-02 <0^4 EW 2 1 .0 0 0 1 .0 0 0
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sources taken from the Parkes 408 MHz catalogue, 1.0 f.u. at 
2700 MHz translates to approximately 0.6 f.u. at 5009 MHz. 
Furthermore, the present sample, selected from the 2700 MHz 
survey has an appreciably greater fraction of flat spectrum 
sources which in general will be of smaller angular size for 
a given flux density. It appears that the difficulty of 
detecting beam broadening for the weak sources will not lead 
to serious underestimation of their flux densities at 5009 MHz.
The sources PKS 0123-01 and 2221-02 were of 
sufficient angular extent to be mapped at 5003 MHz. The 
contour maps are shown in Figure 4.3; in each case size 
factors were determined from volume integration of these maps. 
The apparent structure of both sources is in disagreement with 
that deduced from interferometry by Maltby and Moffet (1962) 
and Fomalont (1967). In the case of 0123-01 the discrepancy 
cannot be explained by a change in angular structure with 
frequency.
The improved resolution at 5009 MHz was used to 
obtain accurate positions for the sources 0053-016 and 0053-015, 
both of which were subsequently identified as galaxies 
(Chapter 3). These two sources, separated by 8 arc minutes, 
were previously catalogued together as PKS 0053-01. The 
interpretation of interferometry by Fomalont (1967) is in 
reasonable agreement with the 5009 MHz observations.
For sources with size factors >1.030, the principal 
errors in the 5009 MHz flux densities lie in the corrections
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f o r  p a r t i a l  r e s o l u t i o n ,  and a r e  d i f f i c u l t  t o  e s t i m a t e .
4 . 1  ( i v )  The 5009 MHz F lu x  D e n s i t i e s
The 5009  MHz f l u x  d e n s i t i e s  o b t a i n e d  a re  p r e s e n t e d  
i n  T a b le  A I V . l ,  colum n 8 .  S o u r c e s  known o r  s u s p e c t e d  t o  be  
v a r i a b l e  a t  t h i s  f r e q u e n c y  h a v e  t h e  f l u x  d e n s i t y  i n  round  
b r a c k e t s .  F lu x  d e n s i t i e s  c o r r e c t e d  f o r  p a r t i a l  r e s o l u t i o n  
a r e  i n  s q u a r e  b r a c k e t s ,  and t h e  s i z e  f a c t o r s  a r e  i n  T a b le  4 . 3 .  
Q u oted  e r r o r s  a r e  th e  s t a n d a r d  e r r o r s  i n  p eak  f l u x  d e n s i t y  
o n l y .
4 .2  F lu x  D e n s i t i e s  a t  2700 MHz (X = 1 1 .1  cm. )
The o b s e r v a t i o n s  and e r r o r  a n a l y s i s  f o r  t h e  2700 MHz 
f l u x  d e n s i t i e s  h a v e  b een  d e s c r i b e d  i n  C h a p ter  2 .  I f  m u l t i p l e  
o b s e r v a t i o n s  o f  a s o u r c e  a t  t h i s  f r e q u e n c y  do n o t  i n d i c a t e  
t im e  v a r i a t i o n ,  th e  f l u x  d e n s i t y  l i s t e d  i n  co lum n 7 o f  
T a b le  A I V . l  i s  th e  w e i g h t e d  mean o f  t h e  e n t r i e s  i n  t h e  
c a t a l o g u e  (T a b le  A I I . l  o r  A l l . 2 ) .  The e n t r i e s  a r e  i n  round  
b r a c k e t s  i f  t h e  s o u r c e  i s  known o r  s u s p e c t e d  t o  be v a r i a b l e ,  
and s u c h  e n t r i e s  r e p r e s e n t  t h e  b e s t  e s t i m a t e  o f  t h e  2700 11Hz 
f l u x  d e n s i t y  a t  e p o c h  1 9 6 8 . 5 .  T h is  e p o c h  h as  b een  c h o s e n  
as  i t  i s  c l o s e  t o  t h a t  o f  t h e  m a j o r i t y  o f  th e  5009  MHz 
o b s e r v a t i o n s .  Square b r a c k e t s  a g a i n  i n d i c a t e  p a r t i a l  
r e s o l u t i o n ;  s i z e  f a c t o r s  a r e  l i s t e d  i n  th e  c a t a l o g u e  
(T a b le s  A I I . l  and A l l . 2 ) ,  and i n  T a b le  4 . 3 .  Q u o ted  e r r o r s  
a re  th e  e r r o r s  i n  p ea k  f l u x  d e n s i t i e s  from  th e  a n a l y s i s  o f
I
§2 . 8 .
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4.3 Flux Densities at 1403 MHz (x = 21.4 cm.) and 
46 8 MHz (X = 6 4 cm. )
Flux densities of over 300 sources from the 2700 MHz 
catalogues have been measured at frequencies of 468 and 1403 
MHz with the Parkes interferometer. The instrument comprises 
the 210-foot paraboloid and a moveable 60-foot paraboloid 
which operates on tracks extending 1400 feet both due north 
and due west of the main telescope (Ekers 1967, Cole 1357). 
Observations can be made simultaneously at both frequencies. 
For the present measurements a fixed north-south baseline of 
460 feet was used, corresponding to 218A and 654A at 468 and 
1403 MHz respectively.
4.3 (i) Observations, Calibration, Reduction
All observations were made in two observing sessions 
of three days each: January 10-12, 1968 (1968.03) and
January 12-14, 1969 (1959.04).
The performance of the interferometer has been 
described by Ekers (196 7) . The characteristics of the 
instrument relevant to the present observations are 
summarized below:
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Frequency Primary Beam Element Fringe Sep.* Fluctuation 
in Correlated
(MHz) (arc min.) Sp acing (arc min.) Output
(f.u. peak-to­
pe ak) ^
468 5 4 x 5 4 218\ N-S 25 0.10
1403 18 x 13 654A tf-S 8 0.05
* Declination 0° at transit.
* \t Time constants 5 seconds (468 MHz) and 2 seconds (1403 MHz) .
The observational procedure was simply to set the 
interferometer to the current position of each source, and 
to record several fringes on each frequency. The output 
time constants were generally 2 and 5 seconds at 1403 and 
468 MHz respectively, and the lobe rotator was set to give 
corresponding fringe periods of about 30 seconds and 1.5 
minutes. The fringes were recorded on chart running at 
20 mm/minute; a sample record appears in Figure 4.1(c).
In this fashion the flux densities at the two frequencies 
could be determined for about 7 sources per hour of observing 
time. Most sources were observed within Ik hours either side 
of transit.
Calibration was carried out without recourse to a 
secondary noise standard. Several of the stronger small 
diameter sources in the ±4° declination zone were used, 
together with a few others with well established flux
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densities and structural information at the interferometer 
frequencies? PKS 0316+15 (CTA 21), 0624-05 (3C 161),
0915-11 (Hydra A), 1648+05 (Here A), and 2230+11 (CTA 102). 
The flux densities of all these sources at the interfero­
meter frequencies were kindly supplied before publication by 
:.liss Harris. They ensure that the present flux scales are 
the same as the self-consistent scales that she derived 
(Harris 1969). Calibration sources were observed about 
every lk hours.
Reduction of the records was carried out by a visual 
smoothing of the fringes followed by measurement of the 
amplitude of each fringe. The averaged fringe amplitudes 
were corrected for the effect of the output time constant, 
and finally converted to flux densities from the calibration 
curves. The calibration curves for each frequency were 
formed by plotting the flux densities of the calibrator 
sources against their averaged fringe amplitudes, measured 
and corrected as described above.
4.3 (ii) Errors in the Interferometer Flux Densities
The scatter in the individual points about the mean 
calibration curve was generally about 5%, reflecting good 
agreement with the flux densities of Hiss Harris and 
satisfactory gain stabilities of the receivers. This 
scatter has been taken as the estimate of the standard error 
in calibration. On one night of the 1968 observations,
89
gain instabilities at 1403 MHz were evident in the calibration, 
and the error estimate for this night consequently has been 
increased to 12%.
At 468 MHz receiver noise is insignificant, and 
the dominant source of error is confusion due to the extent 
of the primary beam. Skers (1967) calculated that the source 
density becomes about one per primary beam area at a level 
of = 0.35 f.u., and found that observation of random
points in the sky produced a distribution of fringe 
amplitudes with a standard deviation of 0.6 f.u. The 
standard confusion error in the present observations will be 
less than 0.6 f,u. because affected sources can be recognized 
from the proximity of other sources listed in 4C or PI'S 
2700 MHz catalogues. A standard error due to confusion of 
0.4 f.u. has accordingly been adopted. Measured 46 8 14Hz 
flux densities of about 30 sources were rejected because of 
the presence of other catalogued sources within the primary 
beam. Errors greater than 0.4 f.u. have been assigned to 
the flux densities of a few sources possibly affected by the 
proximity of other sources.
At 1403 MHz, receiver noise is the dominant source 
of error. An estimate from the scatter among the amplitudes 
of fringes for a large sample of sources indicated a 
standard error of about 0.09 f.u. due to receiver fluctua­
tion. Assuming an error of 0.04 f.u. for confusion, the
90
resultant standard error due to noise and confusion is 
0.10 f.u.
The 1403 MHz flux densities of sources of angular 
extent 0.5 arc minutes in declination will be underestimated 
by 'v 5% because of resolution. The 46 8 MHz flux densities 
will be similarly affected if this dimension exceeds 1.5 
arc minutes. The angular size data of Table 4.3, available 
for most of the sources likely to be resolved, have been used 
to decide whether the flux densities have been so affected. 
Such flux densities have been omitted from Table AIV.l; 
however in these cases, 1410 MHz pencil beam observations 
by Miss Harris were generally available, and were kindly 
communicated before publication. For weaker sources the 
arguments of §4.1(iii) indicate that resolution is unlikely, 
and no error has been assigned for such effects.
The linearity of the receivers has been shown to 
be excellent (r&ers 1967). Errors due to telescope setting, 
and to measurement of flux densities in one linear 
polarization are negligible compared to those of calibration, 
receiver fluctuation, and confusion. The zenith angle 
dependent effects of atmospheric attenuation and aperture 
efficiency are negligible at frequencies below 2000 MHz.
4.3 (iii) The 468 and 1403 MHz Densities
The results of the interferometer observations are 
listed in columns 4 and 6 of Table AIV.l. The errors are
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the square roots of the suns of the squares of the independent 
errors discussed above. The 46 B MHz flux densities obtained 
by Miss Harris have generally been entered in preference to 
those obtained here because of a more accurate calibration.
From the collected data of Table AIV.l and the 
spectral plots of Figure 4.4, the 45 8 JIHz flux density is 
anomalously high in the following sources: 0320+015, 0358+031,
0454+039, 0808+019, 0912+029, 1351+021, 1351-018, 1402-012, 
2047+G3D, 2215-027. For several of these the result must be 
due to confusion, although care has been taken to reject 
the 468 MHz measurement in sources which might be so affected 
(see §4.3 (ii)).
4.4 Other Flux Densities between 1400 and 1425 MHz
For 34 of the strongest sources in the ±4° 
declination zone, Miss Harris has measured flux densities 
at 1410 MHz with the 210-foot telescope (Table 4.1). These 
pencil beam observations have been adopted in preference 
to the interferometer observations of the sources because 
of possible resolution (§4.3(ii)). Flux density scales 
are identical. The 1410 MHz flux densities are entered in 
column 6 of Table AIV.l.
The 1415 MHz flux densities obtained in the OSU 
survey (Fitch, Dixon, and Kraus 1969) have quoted errors 
larger than those of the 1403 MHz interferometer flux 
densities; the latter have hence been retained in preference.
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However, 46 flux densities (Table 4.1) were taken from the 
OSU catalogue for weaker sources not observed with the 
interferometer,and are entered in column 6 of Table AIV.l.
A comparison of flux densities of the strongest sources 
common to both catalogues indicated that the intensity- 
scales agree to within 2%.
Flux densities at 1425 MHz for the two components 
of PKS 0053-01, considered to be two individual sources,
(see §4.1(iii))were taken from Fomalont (1967). A flux 
density at 1400 MHz for PKS 0723-008 (DW 0723-00) was taken 
from Davis (1967). These are also entered in column 6,
Table AIV.l.
4.5 Flux Densities at 635 MHz (x = 47 cm.)
To obtain flux densities at 635 MHz, the ±4° 
declination zone was surveyed with the 210-foot telescope 
and the 635 MHz parametric receiver. Regions of low 
galactic latitude, right ascensions 06' to 071 401 and 
18*1 to 19^40m , were omitted.
4.5 (i) Observations, Calibration, Reduction
The observations were carried out in three 
sessions; 6-8 May 1967, 21-25 October 1967, and 2-3 January 
1969. The zone was surveyed with 2°/minute right ascension 
scans, each being one hour of right ascension in length.
A receiver output time constant of 2 seconds was used, for 
which r.m.s. output fluctuations were about 0.05 f.u. The
half power beamwidth of the telescope is 30.5 arc minutes at 
this frequency; scans were spaced every 20 arc minutes from
f 9
declinations +04° 20 to »04° 20 . The deflection produced 
by a noise calibration signal of about 10°K. 15 f.u.),
injected at the receiver input, was recorded every three 
scans. The output was recorded on chart running at 40 mm/ 
minute, and a sample record is shown in Figure 4.1(b).
The value of the calibration signal was established 
by comparing the calibration deflection to the amplitude of 
scans through the source PKS 2211-17 (3C 444) in each 
observing session. The adopted flux density was 
S635 ~ 20.0 f.u., as obtained by .7liss Harris (1069).
About 500 flux densities, or upper limits to flux 
densities, were obtained from the survey by measuring 
deflections at the catalogued source positions from baselines 
hand fitted to the scans . Many sources appeared on two or 
more adjacent scans, and all deflections produced by a 
source were used in deriving the corresponding source 
amplitudes. These amplitudes were converted into flux 
densities by relating them to adjacent deflections produced 
by the calibration signal.
4.5 (ii) Srrors in the 635 MHz Flux Densities
Because of (1) the great variation in background 
structure at this frequency, and (2) some variation in 
receiver performance, errors due to confusion and noise
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viere estimated individually from the records for each source. 
Most estimates of the combined standard error due to noise 
and confusion were about 0.4 f.u. Miss Harris measured 
flux densities at 6 35 MHz for 39 of the strong sources 
(Table 4.1) in the ±4° zone by scans through the source 
positions with careful calibration. The flux densities 
obtained from the survey were compared with these results? 
the expected agreement in scales was found, together with 
an r.m.s. error of 8% for the individual flux densities.
This 8% is believed to be the inherent inaccuracy in the 
estimation of the flux densities from the survey records, 
since confusion, noise, and calibration errorrs were all 
much smaller for the sources in the comparison sample. 
Accordingly, standard errors in the 6 35 HIIz flux densities 
were obtained from /o2 + (. OoS r->■)2 f.u. where a is the
estimated error due to confusion and noise.
4.5 (iii) The 635 MHz Flux Densities
The results appear in column 5 of Table AIV.1, to­
gether with standard errors as described above. The 39 
flux densities obtained at this frequency by Hiss Harris 
and kindly communicated to me have been used in preference 
to the survey estimates.
4.6 Flux Densities at 438 MHz
The flux densities of about 40 sources in the ±4°
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declination zone have been measured at 408 MHz with the east - 
west arm of the Molonglo Cross of the University of Sydney 
(Murdoch and Large 1558? Wy1lie 1 59). These flux densities 
have been scaled by factors (Table 4.1) suggested by Miss 
Harris (1969)  ^ and are entered in Table AIV.l. The standard 
errors are those published by the authors.
4.7 Flux Densities at 178 MHz
For 375 of the sources catalogued at 2700 MHz, 
estimates of the flux densities at 170 MHz ar - available from 
observations at Cambridge (Table 4.1). Preference has been 
given to synthesized pencil beam and to fan beam measure­
ments in an attempt to avoid the effects of resolution.
About 75 of the entries in column 2 of Table AIV.l are due 
to examination of the 4C maps at the positions of sources in 
the 2700 MI-Iz catalogues by Dr. Derek Wills. He has 
generously communicated these results to me.
The 178 MHz flux densities entered in column 2 of 
Table AIV.l have been scaled by factors (Table 4.1) suggested 
by Miss Harris (136 9) . The standard errors are those 
published by the authors.
4.8 The Spectra of Individual Sources in the 2700 MHz 
Catalogues
The data of Table AIV.l indicate that the spectra 
of many of the sources do not obey single power laws with
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indicss between 0.4 and 1.5 over the frequency range 178 to
5009 MHz. In Figure 4.4* the data have been plotted for
sources whose spectra show any of the following characteris-
tics? (1) a <_ .3 (where 8 = F.v a),^ (2) the possible existence
of multiple components, and (3) the possible existence of
self-absorption. The spectra are for epoch 1968.5. In
Figure 4.5, the recent 2700 MHz data have been plotted for
sources indicating possible variation at this frequency.
Brief comments on some of the sources follow•
0013-00 s Two observations at 2700 MHz (1967.6 3 and 196 8.92) 
are in agreement, and consequently provide no 
evidence for variability at this frequency.
0019-00: Low frequency spectrum somewhat dependent on
identification with 4C+00.2, suggested by Tills 
(private communication). Two observations at 
2700 MHz (1357.88 and 1968.92) are in agreement.
0038-020sIdentified as a 030. Low frequency observations 
confused by 0038-019.
0056'-00; A OSO, z = .717. Not plotted in Figure 4.4
because the spectrum obeys a power law, a = 0.45. 
Nevertheless there is evidence of variability at 
270 0 MHz (Figure 4.5).
OIO6+OI3 A well known case of a OSO showing high frequency 
enhancement and variability (Kellermann and 
Pauliny-Toth 1968a). Analysed by Miss Harris 
(1369) who finds that the time of origin of the 
expanding component was 1963.1 ± .5, and that the 
assumption of magnetic fields of 1 0 and 1 gauss
lead respectively to expansion velocities of 0.52c
* Figures 4.4 and 4.5 have been placed at the end of the
chapter because of their length.
This definition of spectral index is used hereinafter.
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and .85c, and to dimensions of 0.52 and 5.2 pc 
assuming the redshift of 2.107 to be cosmological. 
The 1968.5 spectrum is shovn in Figure 4.2? other 
illustrations of the spectrum are in Harris (1969) 
and Kellermann and Pauliny-Toth (1969). Recent 
observations at 2700 MHz appear in Figure 4.5, 
and suggest that the source may now be optically 
thin at this frequency.
0111+021s A flat low frequency spectrum with enhancement
at the high frequencies . The source has been
identified with an E galaxy (m = lö3?!); suchP9spectra are exceedingly rare for radio galaxies 
(§5.3). An observation at 1969.60, kindly 
obtained by Miss Harris, is in agreement with the 
catalogue observation of 1958.92. The radio 
spectrum is very similar tc that of the bright 
galaxy NGC1052 (Heeschen 1968) but the luminosity 
at 2 700 MHz is at least two orders of magnitude 
greater, and appears to be typical for a radio 
galaxy.
0122-00:: A QSO, z = 1.070 . The source does not appear in 
the 4C catalogue but the 178 MHz data must be 
confused by the proximity of 0122-005 (4C-00.10?) 
The apparent low frequency cut-off is thus probably 
not real. Two observations at 2700 MHz (1968.28 
and 1968.92) are in agreement.
0217+01s An E galaxy showing low frequency self-absorption.
Two observations at 2700 MHz (1967.67 and 1968.92) 
are in agreement.
0237-027“Identified as a QSO. Three observations at 
2700 MHz (1967.88, 1968.28, 1968.92) are in 
agreement.
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0310+013sA peculiar spectrum which possibly is due tc low 
and high frequency components both showing self- 
abso notion.
0335-01s CTA 26, a 0-00 with z = 0,052 . A well known
variable in both radio (Kellermann and Pauliny- 
Toth 1968a) and optical spectral regions. Thj epoch 
196 8.5 spectrum is shown in Figure 4.4; illustra-“ 
tions of the spectrum at other epochs are shown in 
Harris (196 9) . The analysis of Miss Harris has 
indicated the presence of two expanding components, 
originating at 1944 and 1964.5. Her assumptions 
of magnetic fields of 10  ^gauss and 1 gauss led 
to expansion velocities of .29c and .95c, and to 
dimensions of 1.2 and 12 pc respectively for the 
recent component.
0358+031:Definite variation at 2700 MHz (see Figure 4.5).
Due to confusion the loT? frequency observations 
are not reliable. Some optical obscuration is 
present in this region.
0420-01; A pso, z = .915. A known variable at frequencies 
above 1400 MHz (Kellermann, Pauliny“Toth, and 
Tyler 1968). The spectrum is difficult to interpret 
in terms of components; further monitoring at 
several frequencies is required. The recent 
2700 MHz observations are shown in Figure 4.5.
0421+019xA OSO, z = .689. Two measurements at 2700 I-IHz 
(1967.88 and 1959.43) are in agreement.
0422+00? Possible variation at 2700 MHz; see Figure 4.5.
The spectrum indicates synchrotron self-absorption 
for both low and high frequency components.
0432+03? The high frequency spectrum is extremely steep and 
further measurements are required at centimeter
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wavelengths. The spectrum is so steep that a 
truncation of the high energy end of the electron 
distribution may be necessary to explain it. dote 
the change in ordinate scale, Figure 4.4.
0440-00; NRAO 190, a OSO and well known radio variable
(Pauliny-Toth and Kellermann 1966). Harris (1969) 
discusses the observations at several frequencies 
and finds a time of origin for the expanding 
component of about 1949. The recent observations 
at 2700 MHz are shown in Figure 4.5, and the epoch 
1968.5 spectrum in Figure 4.4. Other illustrations 
of the spectrum appear in Kellermann and Pauliny- 
Toth 1966, ibid 1969, and Harris 1969.
0457+024:The source, identified as a OSO?, has a low
frequency cut-off which -oocars to be at least' as 
sharp as 1934-63 (Bolton, Gardner, and Mackey 
1963, Kellemann 1966). Three observations at 
2700 MHz (1967.88, 1968.92, 1969.43) are in 
agreement.
0458-02; Tentative identification as an N galaxy? the
BSO on position does not have UV excess. Definite 
evidence for variation in the 2700 MHz flux density 
(Figure 4.5). The components forming the spectrum 
cannot be separated on the basis of present 
observations.
0500+019;Two observations at 2700 MHz (1968.04 and 1969.43) 
are in agreement.
0550+032:Definite variability in the 2700 MHz flux density 
(Figure 4.5).
0736+01: A QSO, z = 0.191, and a well studied radio variable 
(Kellemann, Pauliny-Toth, and Tyler 196 8? Harris
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1 9 6 9 ,  L o c k e ,  A n d rew  an d  Medd 1 9 6 9 ) .  The l a t t e r  
c o n s i d e r  t h a t  t h e  s o u r c e  h a s  u n d e r g o n e  t h r e e  
r e c e n t  o u t b u r s t s ?  a t  t h e  m axima o f  t h e  f i r s t  tw o  
( 1 9 6 8 . 6  and  1 9 6 9 . 2 ) ,  f l u x  d e n s i t i e s  a t  6 . 5  a n d  
1 0 . 7  GHz r e a c h e d  p e a k s  a t  t h e  same t i m e ,  i n  c l e a r  
v i o l a t i o n  o f  t h e  u n i f o r m l y  e x p a n d i n g  c l o u d  t h e o r y .  
They p o i n t  o u t  t h a t  s u c h  r a p i d  v a r i a b l e s  m i g h t  b e  
e x p e c t e d  t o  v i o l a t e  t h e  t h e o r y  a s  t h e  i n j e c t i o n  
o f  p a r t i c l e s  m u s t  t a k e  a  f i n i t e  a m o u n t  o f  t i m e .
The r e c e n t  2700 MKz o b s e r v a t i o n s  a p p e a r  i n  F i g u r e  
4 . 5 ,  t o g e t h e r  w i t h  t h e  o b s e r v a t i o n s  o f  L o ck e  e t  a l . 
A l t h o u g h  t h e  t i m e  l a g  i s  n o t  a p p a r e n t  b e t w e e n  t h e  
h i g h e r  f r e q u e n c i e s ,  t h e  2700 MHz maxima  a r e  i n d e e d  
d i s p l a c e d .  The 1 9 6 8 . 5  s p e c t r u m  a p p e a r s  i n  F i g u r e  
4 . 4 .
0 7 4 3 - 0 0 5 s I d e n t i f i e d  a s  a  OSO? T h r e e  o b s e r v a t i o n s  a t  
2700  MHz ( 1 9 6 8 . 2 4 ,  1 9 6 8 . 9 2 ,  1 9 6 9 . 4 3 )  a r e  i n  
a g r e e m e n t .
0 8 0 8 + 0 1 9 s F i g u r e  4 . 5  shovjs  e v i d e n c e  f o r  v a r i a b i l i t y  a t
2700 MHz. I f  t h e  2700  MHz f l u x  d e n s i t y  i s  due  
s o l e l y  t o  a n  o p t i c a l l y  t h i c k  e x p a n d i n g  c o m p o n e n t ,  
t h e n  a t i m e  o f  o r i g i n  ( t  , o b s e r v e r ' s  r e s t  f r a m e )  
o f  1947+5 i s  d e r i v e d  f o r  t h e  e v e n t  f r o m  t h e  s i m p l e  
e s t i m a t e  ( 1 / S ) ( d S / d t )  = 3 / ( t  -  t  ) ( s e e  e . g .  v a n  
d e r  L a a n  1 9 6 5 ) .
0 8 2 3 + 0 3 3 ? F i g u r e  4 . 5  i n d i c a t e s  e v i d e n c e  f o r  v a r i a b i l i t y  a t  
2700 MHz. More  s p e c t r a l  i n f o r m a t i o n  i s  n e c e s s a r y  
b e f o r e  t h e  c o m p o n e n t s  o f  t h e  s o u r c e  c a n  b e  
d e l i n e a t e d .
0906+01? I d e n t i f i e d  a s  a  QSO. T h r e e  o b s e r v a t i o n s  a t
2700 MHz( 1 9 6 7 . 8 8 ,  1 9 6 8 . 9 2 ,  1 9 6 9 . 4 3 )  show l i t t l e  
e v i d e n c e  o f  v a r i a b i l i t y .
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0922+005;Identified as a QSO, z = 1.72. Marginal evidence 
for variability at 2700 MHz from observations at 
1967.88 and 1969.43.
1004-018sIdentified as a OSO. Two observations at 2700 JHis 
(196 7.88 and 196 9.43) arc: in reasonable agreement.
1055+01; A OSO, and well known radio variable (Kellermann,
Pauliny-Toth, and Tyler 1968; Harris 1969). Kiss 
Harris has distinguished three expanding components, 
and states that they must all be of similar 
intensity and expansion velocity. The 1968.5 
spectrum appears in Figure 4.4, and the recent 
2700 MHz observations in Figure 4.5.
1146“0 37 s Identified as a OSO?. The source evidently has a 
high frequency component (Figure 4.4) which does 
not appear to vary at 2700 MHz (observations at 
1963.28 and 1968.92). The 5009 MHz observations 
indicate some beam broadening, and investigation 
by a higher resolution instrument is clearly 
desirable.
1148-00; A OSO, z = 1.982. Kellermann and Pauliny-Toth
(1968a) suggest tho source to variable et 1400 KHz. 
The collected data of Miss Harris, and the present 
observations, indicate no significant variation 
at 2700 MHz over the last five years.
1217+02; A QSO, z = .240 . Three observations at 2700 ilMz 
(1967.88, 1968.92, 1969.43) are in agreement.
1222+037;Identified as a OSO?. Two observations at
2700 MHz (1967.88, 1969.43) are in agreement.
1226+02; 3C 273, a QSO, z = .158. The first extragalactic 
source discovered to be variable (Dent 1965). 
Observations and analysis by many authors (e.g. 
Pauliny-Toth and Kellermann 1966? Dent .196 8;
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Schorn et al. 1963? Harris 1969). The 1968.5 
spectrum appears in Figure 4.4.
1229-02? A 030, z = .388. Three observations at 2700 MHz 
(1967.88, 1968.92, 1969.43) are in agreement.
1317+319sTwo observations at 2700 MHz (1967.88, 1959.4 3) 
are in agreement.
1337-033? Two observations at 2700 MHz (1967.48 and 1967.63) 
are in agreement.
1349+027:An apparent case of self-absorption, which is 
incompatible with the source being resolved in 
4C (Wills 1968). Possibly the source has a 
component v/hich is of very steep spectrum. The 
flux density at 2700 MHz shows evidence of a slow 
decrease (Figure 4.5) and there may hence be a 
third component involved.
1351+021:Three observations at 2700 MHz (1967.63, 1958.28, 
1963.43) are in agreement.
1351-018sFour observations at 2700 MHz (IS 67.63, 1968.28, 
1968.92, 1969.43) are in agreement.
1352+00? Identified as a OSO?. Possible variation at 
2700 MHz (Figure 4.5).
1502+036sIdentified as a OSO?. Two observations at
2700 MHz (1968.28, 1969.43) are xn agreement.
1535+004:Two observations at 2700 MHz (1963.28, 1969.43) 
are in reasonable agreement.
1543+005sIdentified as a OSO?. Two observations at 2700 
MHz (1968.28, 1958.92) are in agreement.
1546+027:Identified as a OSO?. Definite decrease at
2700 MHz (Figure 4.5), but the 1958.5 spectrum 
indicates that the expanding component is probably
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optically thick at this frequency, and the flux 
density, on the expanding cloud model, would be 
expected to be increasing.
1555+001sVery marginal evidence for variability from two
observations at 2700 MHz (1968.28, 1968.92). Davis 
(1967) suggested variability for the source at 
1400 MIIz on the basis of observations of 
S14oo = 2.2 f.u. and 1.4 f.u. for 1966 .2 and 
1967.2 respectively. The 1968.5 flux density at 
1403 MHz was measured as 1.46±.12 f.u. In a 
survey by Galt and Kennedy (1968), the flux density 
was measured as $2,42 0 =  ^ sometime between
1963 and 1967. The original estimate of Davis is 
hence suspect.
1602-00.2;Identified as a OOO?. Figure 4.5 indicates 
possible variation at 2700 MHz.
1705+018sTwo observations at 2700 MHz (1968.28 and
1969.43) are in agreement.
1741-03? Spectacular high frequency enhancement, first 
noted in 2650 MHz transit measurements by 
Shimmins (196 8) . Variability at 2 700 MHz shown 
in Figure 4.5.
2001-022sTwo observations at 2700 MHz (1968.92, 1959.43) 
are in agreement.
2022+031sTwo observations at 2700 MHz (1968.92, 1969.43) 
are in agreement.
2131-021sA QSO. Two observations at 2700 MHz (195 7.88,
1969.43) are in reasonable ^^ro^ment.
2134+004s PHL 61, a QSO, z = 1.94. Spectrum fully described 
by Shimmins ej: al^ . (196 8). Two observations at 
2700 MHz (1968.32, 1969.43) are in agreement with
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all previous observations by Shimmins and indicate 
no variability at this frequency.
2.203-18s A OSO; not included in the spectral observation 
programme. Three observations at 2 700 MHz 
(1967.67, 1967.89, 1969.43) together with 
collected data of Miss Harris show no evidence 
for variability at this frequency over the past 
four years.
2210+01: Two observations at 2700 MHz (1968.24, 1968.92) 
are in agreement.
2216-03", A OSO, z = .301. Four observations at 2700 MHz 
(1368.24, 1968.28, 1968.92, 1969.43) are all in 
agreement. The collected data of Miss Harris 
shows no evidence for variability at this frequency 
over the past four years.
4.9 Strong Sources Wot Catalogued in 4C
A histogram of effective spectral indices*, 178 to 
2700 M?Tz, from the data of Kellermann, Pauliny-Toth, and 
Milliams (1969) is shown in Figure 5.2(a). About 4% of the 
spectral indices are less than 0.4, and with this spectral 
index, the lower limit of the 4C catalogue translates to 
0.74 f.u. at 2700 MHz. Accordingly, in Table 4,4, all sources 
in the ±4° zone with >_ .74 f.u. and which are not in
4C have been listed. Of the 30 sources, only 6 do not 
appear in the 4C catalogue because of the effects of 
confusion or resolution. One (2324-02) is in a region not 
covered by 4C. The remainder do not appear because of their 
spectral characteristics, and hence do not violate complete-
•kindices defined by flux densities at two frequencies.
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ness claims for the 4C catalogue. Of these, 14 are QSO's 
or oso?‘s and the remaining 9 are unidentified. The absence 
of any sources identified as.galaxies is e clear indication 
of the snectral differences among the identification classes, 
as discussed in the following chapters.
±06
TABLE 4.4
SOURCES NOT IN 4C FOR WHICH S27Q0 >_ 0.73
SOURCE S2700 %S178 IDENTIFICATION REASON FOR 4C
(f .u.) (f.u.) OMISSION
0112-017 1.38 1.2 oso Spectrum
0122-00 1.43 5 OSO Confusion (0122-005)
0336-01 (2.23) <2.2 OSO Confusion (0336-017) 
and/or spectrum
0420-01 (1.92) 1.8 QSO Spectrum
0421+019 .76 < .7 QSO Spectrum
0422+00 (1.29) ^1.5 III Spectrum
0440-00 (3.53) <1 QSO Spectrum
0457+024 1.63 < .4 OSO? Spectrum
0500+019 2.47 < .7 Ill Spectrum
0550+032 (.90) < .7 III Spectrum
0723-008 3.01 2.2 III Not listed because 
of proximity to 
3C 180
0736+01 (2.42) 1.1 QSO Spectrum
0743-006 1.40 <1 OSO? Spectrum
0808+019 (.71) < .5 QSO Spectrum
0623+033 (.87) .8 III Spectrum
0922+005 .74 < .5 OSO Spectrum
1021-00 .95 < .8 QSO? Spectrum
1349+027 (.76) 2.5 Ill Resolved (Wills 1968)
1351-018 .98 < .6 III Spectrum
1355+01 1.01 ^4 III _ , , (4C+01.39)Confused (4C+01#40)
1532+01 1.08 < .8 III Spectrum
1535+004 1.01 < .5 III Spectrum
1543+005 1.30 1.0 OSO? Spectrum
1546+027 (1.27) l-7 OSO? Spectrum
1555+001 2.01 ^ . 4 Ill Spectrum
TABLE 4.4 Concluded
SOURCE S2700 
(f .u.)
%S17!) 
(f .u. )
IDENTIFICATION REASON FOR 4C 
OMISSION
1615+029 .74 .8 OSO? Spectrum
1716+006 1.30 *10 ' Ill Confused (3C 353)
1741-03 (2.96) 0.9 III Spectrum
2134+004 7.59 <1 OSO Spectrum
2324-02 f1.561 - E gal Omitted region 
(Cas A transit)
1UÖ
0111+021 
E gal
0205-010
0112-017
QSO
0103-021
QSO
0013-00
0105-008
0213-026
0122-00
QSO
0019-00 0 0 3 8 -0 2 0
QSO
Figure 4.4. Spectra of sources in the ±4° declination 
zone of the 2700 MHz catalogue which do not obey power 
laws. Each graph is a logarithmic plot of intensity (f.u.) 
versus frequency (MHz).
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0332-021
0317-02
QSO
0336-01
QSO
0225-014
QSO
0237-027
QSO
0226-038
QSO
F i g u r e  4 . 4  c o n t i n u e d
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Figure 4.4 continued
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I l l
0752-02.3 
db gal
0723-008
0819-032
0509-038
0743-006
QSO?
0554-026
0808-019
F i g u r e  4 . 4  c o n t i n u e d
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112
0907-023
OSO
1004-018
QSO
0835-013
0912+029
QSO?
1021+028
QSO?
0904+039 0906+01
QSO
1021-00
QSO?
F i g u r e  4 . 4  c o n t i n u e d
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1055-028
1218-02
QSO
1146-037
QSO?
1122-037
1229-02
QSO
1148-00
QSO
1225+02
QSO
1222+037
QSO?
1105+023 
N gal
F i g u r e  4 . 4  c o n t i n u e d
114
1351-018
1402-012
QSO?
1349-01
gal
1337-033
1351+021
F i g u r e  4 . 4  c o n t i n u e d
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1546+027 
QSO ?
1552-033
1434+019 1435+038
gal
1557-00
1543+005
QSO?
1502+036 
QSO ?
1602-00.2
QSO?
F i g u r e  4 . 4  c o n t i n u e d
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' 1938-012
1720+001
1635-035
1741-031726-038
1603+005
1952+007 
QSO ?
1648+015
1957-013
QSO?
1615+029
QSO?
1705+018
1617-030
F i g u r e  4 . 4  c o n t i n u e d
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Figure 4.4 continued
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2215-027 2215+02
2224+006
2216-03
QSO
2251+006
F i g u r e  4 . 4  c o n c l u d e d
119
0056-00
- 0106+01
'  0047-02
0336-01
1967-5 1968-0 1968-5
EPOCH
1969-0 1969-5
Figure 4.5. The present series of 2700 MHz flux densities 
(f.u.) versus epoch for sources known or suspected to be 
variable at this frequency.
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Figure 4.5 concluded.
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CHAPTER 5
THE SPECTRA OF SOURCES IN THE PARKES 2700 MKZ SURVEYS
II. SPECTRAL STATISTICS
The statistics from the spectral observations just 
described are examined in this chapter.
5.1 The Forms of Radio Source Spectra
5.1 (i) Results of Previous Investigations
The spectra of radio sources detected in extragalactic 
source surveys have been measured at frequencies between 10 and
510 MHz. In this frequency range the following features have 
been observeds
(1) A power law spectrum, resulting in a straight line in 
the conventional log(flux density) versus log(frequency) 
diagram. The form of such a spectrum is described by the single 
parameter a, where a is the spectral index as defined 
previously. For sources with this type of spectrum the spectral 
index distribution has upper and lower limits of ^1.4 and ^0.3 
respectively, and shows a strong concentration to a value of 
0^.0.
(2) A steepening of the spectrum with frequency, described 
in the literature as ‘convex curvature" or "negative curvature1. 
The spectra of such sources may be frequently defined by two 
power laws meeting at a "break" frequency which is generally 
between 400 and 1400 MHz. In other sources the steepening 
takes place in a downward curvature over a large frequency
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range.
(3) A steepening of the spectrum at the lowest frequencies 
(<200 MHz).
(4) A cut-off at the lower frequencies which may be gradual 
or dramatic in nature, and which results in a peak in the 
spectrum at some frequency above 100 MHz. At frequencies 
higher than that corresponding to maximum flux density, the 
spectrum is often power law in nature.
(5) An upward curvature of the spectrum to the high 
frequencies which has been described as "concave curvature", 
"positive curvature", or "high frequency enhancement". The 
spectra of such sources may show a peak at the highest 
frequencies within the range measured, and at frequencies above 
that at which the upward curvature becomes apparent the flux 
densities usually vary with time.
The physical conditions indicated by these features 
are generally believed to be these:
(1) The common power lav; spectrum of index a indicates the 
presence of relativistic electrons with energy distribution 
N(E)dE = ke (2a+l) , ra -^Lating by the synchrotron mechanism in 
a uniform magnetic field.
(2) The steepening of the spectrum with increasing frequency 
shown by many sources is due to the lack of continuous reple­
nishment of the higher energy electrons for which time scales
of the operating loss processes (e.g. synchrotron radiation, 
inverse Compton effect) are shorter.
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(3) The steepening of the spectrum at the lowest frequencies 
exhibited by a few sources is due to the superposition of the 
spectra of two components, one of which has a very steep 
spectrum and is relatively large in angular extent.
(4) The cut-off towards the lower frequencies observed for 
some sources is indicative of synchrotron self-absorption due 
to a very high surface brightness. For some sources it is 
difficult to decide whether the downward curvature of the 
spectrum to the higher frequencies is the result of self-absorp­
tion at lower frequencies or the simple steepening of 2 above.
(5) The spectrum showing "high frequency enhancement" is 
the result of a superposition of two spectra, one of which is 
due to a component with the relatively common power law form, 
and the other of which is that of a compact component showing 
self-absorption at a relatively high frequency. The variability 
at the frequencies where the spectrum of the compact component 
is dominant is believed to be the result of rapid expansion of 
this component. In some such sources, the spectrum of the 
"power lav/" component may be modified by self-absorption at the 
lower frequencies.
The observations and theoretical work which have led 
to this general picture have been reviewed by Scheuer and 
Williams (1968). They emphasize the paradox of being able to 
understand the deviations of spectra from power lav/s without 
being able to account for the apparently fundamental power law
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itself o
The flux density measurements of Chapter 4 indicate 
that the spectral characteristics discussed above are adequate 
to describe all features of spectra found in the sample of 
sources catalogued at 2700 MHz« Of particular interest in the 
present context are those sources exhibiting features 4 and 5? 
Figure 4.4 illustrates that 2700 MHz surveys detect them in 
considerable numbers. The work of many authors has indicated 
that detailed studies of such sources can yield estimates of 
magnetic field strengths, linear dimensions, and brightness 
temperatures, and for those that show time variation, approxi­
mate time scales of the outbursts, and estimates of expansion 
velocities (see, e.g. Slish 1963, Williams 1963, Shklovsky 
1965, van der Laan 1966, Pauliny-Toth and Kellermann 1966, 
Pauliny-Toth and Kellermann 1968, Kellermann and Pauliny-Toth 
1969? also the reviews by Scheuer and Williams 1968, and 
Kellermann and Pauliny-Toth 1968b). The spectra of many of the 
sources illustrated in Figure 4.4 were briefly discussed in the 
preceding chapter with reference to these results. A primary 
object of the first parts of the 2700 MHz survey (and the 
subsequent flux density observations of Chapter 4) was to 
catalogue such objects for further studies. These studies, and 
the determination of the relative numbers of such sources 
appear essential in that they may lead to some understanding of 
the direction and manner in which the evolution of individual
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sources proceeds.
5 cl (ii) Analysis of the Present Results
A statistical analysis of the spectra requires that 
they be described by the minimum number of parameters. The 
spectral index is just such a parameter for the sources whose 
spectra are power law in nature. For sources detected in 
surveys at or below 403 MHz, ^80% of those having spectra 
which deviate from a power law in the frequency range 178 to 
5000 MHz show a simple steepening of the spectrum with 
increasing frequency, described above as spectral feature 2 
(Shimmins 1968, and personal communication? Harris 1969? 
Kellermann, Pauliny-Toth and Williams 1969, hereinafter 
referred to as KPW)„ Examination of the data of Chapter 4 for 
many of the sources catalogued at 2700 MHz indicated that the 
same is true of about half the sources in the present sample 
which have spectra deviating from single power laws over this 
frequency range. For such sources, with the choice of an 
appropriate "break" frequency, the high and low frequency 
portions of the spectrum may be described with reasonable 
accuracy by separate spectral indices. Accordingly for statis­
tical analysis (and following KPW), the spectral data for each 
source in the present sample have been fitted by two power laws 
meeting at a "break" point near the (logarithmic) middle of the 
frequency range considered. For the ^25% of sources in the 
present sample whose spectra indicate self-absorption to the
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lower frequencies or the presence of compact components at the 
high frequencies (features 4 and 5 above), description of the 
spectrum by two power law sections is quite reasonable in many 
cases, and is generally of sufficient accuracy for statistical 
purposes.
The frequency of 1403 MHz was chosen as the "break" 
frequency on the basis of an approximately equal division of 
the data, and the flux densities obtained at this frequency 
were used in determining both the high and the low frequency 
spectral indices. KPW used 750 MKz as their "break" frequency 
and Shimmins (1963b) found the steepening of the spectrum (if 
it occurs in a particular source) to take place between 400 
and 1000 MHz. However, it is believed that the quantitative 
results have not been affected by the choice of a higher 
"break" frequency.
The power law fits were, effected by a computer 
programme which used the method of least squares, weighting 
each observation according to the reciprocal of the square of 
the estimated error. The programme derived a spectral index a 
for the entire frequency range considered, 178 to 5009 MHz, as 
well as a^F and indices for the low frequency (178 - 1403
MHz) and high frequency (1403 - 5009 MHz) flux densities as 
mentioned above. In the derivation of a, the programme 
indicated that the spectrum could not be described by a single 
power law over the frequency range when any observation 
deviated by more than 2 standard errors from the best fit line
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For such sources, the computed value of a has not been retained, 
and the spectral data have been plotted to determine if the 
derived values of a^F and provide reasonable descriptions
of the spectrum over the low and the high frequency ranges.
Where such is not the case, the values of a__ and/or aTT_ 
similarly have not been retained. With the exception of such 
cases, the values computed for a, aLF* and a^F have been entered 
in columns 9, 10, and 11 of Table AIV.l. The spectra of sources 
in the present sample which deviate from power laws in the range 
178 to 5009 MHz have been shown in Figure 4.4 (with the excep­
tion of those for which the deviation is due to a simple 
steepening of the spectrum with increasing frequency).
The following section uses the results of this 
programme to describe the spectral content of the present 
surveys.
5.2 The Spectral Content
Table 5.1 is an attempt to describe the spectral 
content of the catalogue in broad terms. The results have been 
derived from the power lav; fitting programme, and from visual 
inspection of plots of more than half the spectra. Sources 
weaker than 0.40 f.u. at 2700 MHz have been discarded from this 
and further analyses of the chapter, the spectral observations 
being both incomplete and of diminishing accuracy. Prototypes 
of each spectral class have been included in the table. The 
fraction of the identification classes in each category is
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entered in the final columns and discussed in §5.5. The KPW 
spectral classification also has been entered, but note that it 
suffers from a serious defect when applied to the present 
sample? sources showing self-absorption (e.g. 2134+004) or a 
steepening of the high frequency spectrum (e.g. 0218-02) both 
belong to KPW class C-.
The data of KPW indicate that 93% of sources in the 
3CR catalogue (lb11! > 20°) may be classified as spectral types 
S or C— (excluding self-absorption objects). In the present 
sample, for which the spectra have been examined over a somewhat 
smaller frequency range, 72% fall into these categories. 
Kellermann and Pauliny-Toth (1969) have stated ,s * « »contrary to 
some published statements (Shimmins et al. 1968? MacLeod and 
Andrew 1963) , opaque radio sources with positive spectral 
indices* are not rare or unusual but comprise more than half 
of all sources observable at centimeter wavelengths (Kellermann, 
Pauliny-Toth, and Davis 1968)". The statement is evidently 
incorrect; only about 17% of all sources having 
S9700 — can be so described. A further 11%, (KPW
class Cpx) may show such spectral indices over limited regions 
of the spectrum.
A further result, apparent from Table 5.1 and 
Figure 4.4, is that the present sample contains no sources 
having power law spectra with indices <0.3. Such indices
* These indices are defined in the sense opposite to that of 
the present work.
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correspond to electron energy distributions of power law form 
with an exponent of -1.6. Instances of source components with 
apparently flatter electron energy distributions are known 
(e.g. 3C 120, Pauliny-Toth and Kellermann 1968), but in all 
such cases, self-absorption is apparent. The result is consis­
tent with the association of flat electron energy distributions 
with compact components of high surface brightness.
In Figure 5.1, histograms of a^p and aHF are plotted 
for the ±4° declination zone sources with ^2100 — A
few sources for which these spectral indices have no signifi­
cance (see §5.1(ii)) have been omitted from either histogram.
The enormous dispersion and skewed nature of these histograms 
is in contrast to those obtained for sources in low frequency 
catalogues (see, e.g. KPW; Long et al. 1966). Two further 
points of interest are the relative displacement of the main 
peaks of the histograms, and the tail in the a^F distribution at 
the steep spectrum end which has not been noted previously. In 
the following section it is shown that the skewed nature and 
increased dispersion are qualitatively predictable from the 
results of spectral observations on sources catalogued at the 
lower frequencies. In §5.5, the spectra of the various 
identification classes are discussed and the objects respon­
sible for the main features of Figures 5.1(a) and (b) are 
delineated.
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5o3 Prediction of Spectral Content
Kellermann (1S64) and Kellermann, Pauliny-Toth, and 
Davis (1968? hereinafter called KPD) indicate how for a survey 
at frequency v2, the distribution in effective spectral index 
(as defined previously) may be predicted when flux 
densities at vj and v2 are available for a large sample of 
sources catalogued in a survey at v1# In KPD the distribution 
in has been computed for v2, where vj and v2 are 178 and
5000 MHz respectively, and the flux densities at 178 and 5000 
MHz have been taken from KPW. The computation has been made for 
purposes of comparison with the distribution of effective spec­
tral indices found for a very limited sample of sources from a 
survey at 5000 MHz (see Table 1.1) . In this section the 
calculation of KPD is repeated and is shown to result in a 
prediction of very limited significance. Bearing the limita­
tions in mind, the calculation is then made for the frequency 
of 2700 MHz using the data of KPW for sources catalogued at 
178 MHz, and compared with the observations.
From KPD,
N[(v2/vi) “Sz .vj]’P(a)
Q (a) = ---------------------- - (5.1)
N (S2,v2)
where Q(a) is the distribution in effective spectral index
(avi_v2) for a sample of sources stronger than S2 from a 
survey at v2,
P(a) is the distribution in effective spectral index
_V2) for a sample of sources from a survey at vj, and 
is assumed to be independent of flux density,
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N(S,v) is the number of sources at frequency v of flux 
density greater than (i.e. the conventional number - 
flux density relation)»
P (a) has been derived from the flux densities measured by KPW, 
and is shown in Figure 5.2(a) for sources with lb11! >_ 10° and 
with lb11! >_ 20°. Although not stated explicitly, it appears 
that in making the calculation KPD assumed the number - flux 
density relation at 5000 MHz to be of the same form as that 
derived by Gower at 178 MHz (1966) save for a translation in 
the log N - log S plane. N(S2,v2) may then be taken as a 
constant giving the required normalization for comparison with 
the sample obtained. The results of the calculation (normalized 
to a sample size of 1000) are illustrated in Figure 5.2(b).
The enormous influence of the two sources with negative effec­
tive spectral indices in the P(a) distribution is evident. One 
of these sources (3C 147.1 in the |b'tI| >_ 10° sample) is an HII 
region which becomes optically thick by 178 MHz. It has been 
retained in the calculation to illustrate the effect produced 
by one source of such a spectrum on the result at 5000 MHz.
In Figure 5.2(b) the calculated distribution of KPD is also 
illustrated, and its description by the authors as "smoothed” 
is obviously well justified. It is pointed out that the 
computed distribution is ill-defined in this region because of 
the samll numbers of flat spectrum objects; however, the 
authors have evidently chosen to neglect the troublesome QSO 
3C 454.3 which has a negative effective index. The validity of
135
70
Outline lb I 
Shaded area
Shaded area lb I ^ 10°
Dashed outline lbn l s* 20°
x lbnl £20°,3C 454.3  omitted 
Smooth curve from KPD
Figure 5.2. The P(a) and Q(a) distributions (see text) 
for the prediction of the distribution of 178 - 5000 
MHz effective indices for sources found in a 5000 MHz 
survey.
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this is questioned, but in any case it is certain that unless 
samples of thousands of effective spectral indices are available 
from a catalogue at one frequency, attempts at prediction of 
spectral content over such a wide frequency range can serve as 
order of magnitude estimates only.
In Figure 5.3(a), P(a), the distribution in effective 
spectral index for the frequency range 178 - 2695 MHz is shown 
for all sources with |bx~| >_ 20° and which have the requisite 
flux densities in KPW. This histogram shows no source with a 
negative effective spectral index; 3C 454.3 has, at the epoch 
of the KPW measurement, S?6g5 < si7£ < S5Q00a (The source is 
variable (Pauliny-Toth and Kellermann 1966) , and because of its 
considerable influence in the calculation, one is faced with the 
curious phenomenon of the predicted histograms being sensitive 
to epoch of observation of one source). The Q(a) distribution 
has been calculated using the counts of Gower at 178 MHz and 
the 2700 MHz counts of §6.2. The results are shown in 
Figures 5.3(b),(c), and (d) for sources stronger than 1.01 f.u., 
.64 f.u., and .40 f.u. at 2700 MHz. The predicted distributions 
now show a slight dependence on flux density because of the 
apparent difference in the form of number - flux density 
relations at the two frequencies. They have been normalized 
to the sample sizes available for comparison, and the observed 
distributions in a^7g„97oo are a-*-so shov/n in Figure 5.3. The 
calculations have been described in some detail because they 
have a bearing on the apparent differences in the form of the
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0 C 178-2695
20
> 1.0 f.u.O2700
Solid outline -  observed 
* Computed
0.5
GC 178-2700
Figure 5.3. The P(a) and Q(a) distributions for the 
prediction of 178 - 2700 MHz effective indices for 
sources found in a survey at 2700 MHz. The three com­
puted Q(a) distributions, Figures 5.3(b), (c), and (d),
have been normalized to the sizes of the samples of 
sources available for comparison from the 2700 MHz sur­
vey of the ±4 declination zone. Unshaded areas in the 
distributions shown for these samples represent sources 
for which the estimated effective index has been 
obtained from an unreliable estimate of the 178 MHz 
flux density.
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Figure 5.3 concluded.
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number - flux density relations at high and low frequencies? 
the comparisons between observed and predicted distributions 
are further discussed in Chapter 6. In the present context» 
it is apparent that the predictions and observations are in 
good agreement for effective spectral indices _^0.4. The tail 
for the lower values is once again ill-defined but not to the 
same extent as for the doubled frequency range treated in KPD. 
The calculated distributions appear to indicate the existence 
of two spectral populations, "flat” and "normal” with the 
division in effective spectral index at about 0.40. Blum and 
Davis (1968) and KPD both proposed just such a division from 
their limited sky surveys at 5000 MHz« The observed histograms 
in the present sample show no division at this value, and 
consequently differ markedly in form from the calculated 
towards the lower spectral indices. However, if the proportion 
of effective indices below 0.4 is considered rather than the 
form of the distribution for such indices, the results of 
Table 5.2 are derived, and good agreement is apparent between 
prediction and observation. The uncertainties indicated in the 
observed numbers lie in deciding on the effective indices of
TABLE 5 o ?
PROPORTION OF EFFECTIVE SPECTRAL INDICES (ai78-2700* <0°4
s >2700 -
(fcU.)
Sample
Size
Effective
Predicted 
No. %
Indices <0.4
Observed 
Ho. %
1.01 73 23 29.5 23 36
.64 143 42 28.5 46±2 31±1.5
0 o 297 77 26.0 75±10 25±3.5
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those sources for which only upper limits tc the flux density 
at 173 MHz are available.
The calculations thus provide excellent estimates over 
this frequency range for the form of the effective spectral 
index distribution above 0.4, and good quantitative estimates 
of the relative proportions above and below this value. This 
is a significant result in view of the fact that there are very 
few sources with power lav; spectra over the range 173 to 5000 
MHz having indices <0.4 (§5.2). For values less than 0.4 the 
effective index is in general determined by modification of the 
spectrum by self-absorption or by the presence of additional 
compact components, and becomes a function of vj and v2. The 
calculations indicate that reasonably good estimates of the 
relative numbers of such sources can be made from the data on 
sources in the low frequency catalogues. Furthermore, because 
of this change in the physical significance of the effective 
index, it is not surprising that the forms of observed and 
predicted distributions are in poor agreement for values below 
0.4.
5.4 Variable Sources
Systematic observations to detect time variations at 
centimeter wavelengths have not been carried out for sources in 
the present sample, and an accurate estimate of the proportion 
which exhibit this phenomenon is thus not possible. The 
observations of Hellermann and co-workers, Miss Harris, and
141
Shimmins (personal communication) have shown that Almost every 
source in which the spectrum indicates the presence of a second 
component exhibiting self-absorption at relatively high 
frequencies shows variation at centimeter wavelengths. Several 
sources in the present sample with this spectral feature were 
measured a number of times at 2700 MHz. Some of these were 
previously known or suspected (Miss Harris, personal communica­
tion) to be variable at this frequency. The results of this 
very incomplete programme are in Table 5.3. The 2700 MHz flux 
densities for all sources showing definite or probable time 
variations are plotted in Figure 4.5. Six sources showing 
definite variations were previously known variables 
(PKS 0106+01, 0336-01 (CTA 26), 0440-00 (MFAO 190), 0736+01, 
1055+01, and 1226+02 (3C 273)). Mine other sources are almost 
certainly variables, and four of these have not been previously 
catalogued.
Several sources showing simple self-absorption 
cut-offs at relatively high frequencies and no evidence of 
conventional power lav; components were also observed more than 
once at 2700 MHz. Mo variations were detected in such sources. 
Shimmins et al_. (1968) and Kellermann and Pauliny-Toth (1969) 
both comment on this phenomenon. The sources 0440-00 and 
1148-00 are similar in spectra (Figure 4.4) and each possibly 
has a weak steep spectrum component because of the gradual 
nature of the low frequency cut-off. The former is variable at 
2700 MHz on a time scale of months, while the latter does not
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TABLE 5.3
SOURCES VARIABLE AT 2700 MHZ
Definite Variables Probable Variables Possible Variables
Deviations > 2(3 Deviations ^ 2a Deviations > a
0106+01 QSO (2) 0047-02 III 0422+00 III
0336-01 QSO (2) 0056-00 QSO 0823+033 III
0358+031 III 1349+027 III 1509+01 III
0420-01 QSO 1555+001 III
0440-00 QSO (4) 1643+022 E
0458-02 N?
0550+032 Ill
0736+01 QSO (3)
0808+019 QSO
1055+01 QSO (3)
1226+02 QSO (1)
1546+027 QSO?
1602-00.2 QSO?
1741-03 Ill
2155-152 III
References; for Table 5.3
(1) Dent, W. A. (1965) - Science 148, 1458
(2) Kellermann, K.I. , and Pauliny-Toth, I. I.K. (1963a) -
Astrophys. J. 152, 639
(3) Kellermann, K.I., Pauliny-Toth, I.I.K., and Tyler, T,I.C. 
(1968) - Astron. J. 7J3, 298
(4) Pauliny-Toth, I.I.K., and Kellermann, K.I. (1966) - 
Astrophys. J. 146, 634
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appear to vary over a time scale of 5 years; it seems that such 
objects are intermediate between the simple self-absorption 
sources and the sources with two components,, one “conventional 
and the other compact. The central question is why the one type 
should vary while the other remains stable. It seems likely 
that in the latter type of source, the lack of confinement of 
the plasma produces leakage resulting in the formation of the 
conventional power lav; component apparent at the lower frequen­
cies (J. G. Bolton, A. Jo Shimmins, personal communication).
An examination of the results of Table 5.1 indicates 
that 15±5% of sources found in 2700 MHz surveys should prove to 
be variable. The predominance of QSO's and QSO?*s among the 
variables is evident in Table 5.3 and from an examination of the 
spectra of Figure 4.4. Only two sources with suggested galaxy 
identifications appear in Table 5.3. Of these, 0458-02 may not 
be correctly identified (see §3.2, §4.8) and the 2700 MHz 
observations of 1643+022 show a difference of very marginal 
significance. Spectral differences between the radio galaxies 
and QSO's are now discussed.
5.5 The Spectra of Radio Galaxies and QSO's
In Figure 5.4, the distributions of ctLF and afiF for 
radio galaxies and for QS03s are presented.
For radio galaxies, the distributions appear to be 
approximately Gaussian; the single source with a negative 
spectral index in the a^F histogram is 0752-02.3, and in the
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a histogram 0111+021. In Table 5.4 the parameters describingJar
these histograms are shown together with those derived by other 
authors for the radio galaxies. The dispersions were estimated 
from a = /o^g - where «obs is from the histograms of 
Figures 5.4(a) and (b) (68% within ±<j , of the mean), and
is the estimated error due to inaccuracy of measurement of the 
flux densities. The present results indicate that samples of 
radio galaxies selected at different frequencies show very 
little difference in their spectral properties. In particular, 
as the high frequency survey tends to favour the detection of 
objects with flat high frequency spectra, the fact that the 
majority of radio galaxies do show steepening of the spectra in 
the present sample implies that the spectra of most radio 
galaxies must steepen at the higher frequencies. Because of 
the relatively shorter time scales for the processes of energy 
loss affecting the spectra at the higher frequencies (see 
§5.1(i)), a dispersion in ages for the sources may explain the 
fact that the dispersion for the a F distribution appears to be
larger than that for the aTr, distribution..Lr
In contrast to the case of the radio galaxies, no low 
frequency survey has produced a sample of QSO’s having distri­
butions in spectral indices which resemble those of Figures 
5.4(c) and (d). Both of these show a large dispersion, and 
unlike Figures 5.4(a) and (b), bear a close resemblance. Just 
over half of the objects in the <*LF histogram lie between 0.5 
and 1.0, and it is this population of "normal" spectrum QSO's
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which generally has been detected in low frequency surveys.
This led to controversy as to whether there are significant 
differences between the spectra of QSO’s and radio galaxies 
(see, e.g. Williams and Collins 1967, Shimmins 1368b).
Figure 5.4 puts the issue beyond question for the present 
sample.
Table 5.1 indicates tnat only 22% of the QSO’s in the 
present sample have spectra which can be represented by a 
single power law between 178 and 5009 MHz. Of the remainder, 
34% show evidence of simple self-absorption above 178 MHz, 34% 
exhibit an increase in flux density to the higher frequencies 
implying the presence of an additional compact component, and 
10% show a steepening of the spectrum at higher frequencies.
In comparison the sample of Shimmins (1968b), taken from the 
408 MHz Parkes catalogue, shows 53% with power law spectra,
38% with enhancement at high frequencies, and 9% with 
synchrotron self-absorption above 100 MHz. The 2700 MHz survey 
thus favours the detection of the QSO's with simple self- 
absorption and with evidence of high frequency compact compo­
nents at the expense of those exhibiting power law spectra.
The means and dispersions of Figures 5.4(c) and (d) 
are not physically significant since they generally represent 
the combined effects of electron energy distribution and 
surface brightness.
If Figure 5.4 is compared with the histograms of 
Figures 5.1(a) and (b) which represent the entire sample, the
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following points are apparent;
(1) The "flat spectrum" tails in both Figures 5.1(a) and 
(b) are generally due to the QSO’s which have spectra exhibi­
ting self-absorption in the low and/or the high frequency 
regions of the spectrum.
(2) The steep spectrum tail in Figure 5.1(b) is due to the
radio galaxies and unidentified sources. (Distributions of 
aT_ and for the latter appear in Figure 5.5.)
(3) The main peak in both Figures 5.1(a) and (b) is due to 
radio galaxies and power law spectrum QSO's.
(4) The shift of the peak in Figure 5.1(b) to spectra 
steeper than the peak in Figure 5.1(a) is due to the influence 
of the radio galaxies.
The differences in spectra between the identification 
classes, particularly evident at the high frequencies, suggest 
that it may be possible to "identify" the unidentified sources 
from their radio spectra. Bolton (1966) attempted such a 
separation, and a similar investigation is carried out for the 
present sample in the following section.
5.6 The Unidentified Sources
Four arguments have been presented by Bolton (1966, 
1969) to support the view that the majority of sources which 
are in regions free of optical obscuration and which remain 
unidentified are radio galaxies beyond the plate limit of the 
Palomar Sky Survey. The arguments are based on (1) spectral
149
Figure 5.5. Distributions for low and high frequency spec­
tral indices for sources from the 2700 MHz survey of the ±4 
declination zone which have S2700 “ 0*40 f.u.
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differences between QSO's and radio galaxies at the higher 
frequencies, (2) the form of the optical apparent magnitude
distributions, (3) the results of interplanetary scintillation 
observations, and (4) the results of polarization observations 
(which are also discussed by Gardner and IJhiteoak (196 9)) .
Vdron reached the opposite conclusion (1966), but his evidence, 
based on a comparison of the source counts and apparent magni­
tude - redshift relations, appears to give equal weight to 
Bolton's hypothesis. In the following analysis, the high 
frequency spectral differences are shown to support Bolton's 
view and to serve to divide the present sample of unidentified 
sources into radio galaxies and QSO's to an accuracy of about 
10%.
From Table 5.1, 78% of all the unidentified sources 
(referred to as Ill's hereinafter) have power law spectra or 
spectra which steepen with increasing frequency. Such spectral 
forms account for 98% of the radio galaxies and 32% of the 
QSO's. Most of the Ill's thus appear to have galaxy-like 
spectra. Examination of the aTri and a._^  distributions for the 
Ill's (Figures 5.5(a) and (b)) leads to the same conclusion,0 
the skew nature of the total sample distributions (Figures 
5.1(a) and (b)) is still in evidence but to a lesser extent.
A further point of interest is that for the indices in 
Figure 5.5 which correspond to the galaxy-like spectra, i.e. 
those with values between, say, 0.45 and 1.25, the peaks in the 
distributions are shifted to a slightly higher value than those
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in the radio galaxy distributions (Figures 5.4(a) and (b)) .
The same result was found by KPW and by Harris (1959) , and has 
been interpreted, in view of an apparent correlation between 
luminosity and spectrum (e.g. KPW 1969) as evidence of generally 
greater luminosities for the Ill's than for the radio galaxies. 
However, examination of the data on radio galaxies compiled by 
Miss Merkelijn indicates that only the objects of lowest 
luminosity have significantly flatter spectra, and casts some 
doubt on the apparent strength of the correlation between 
luminosity and spectrum obtained by KPW (personal communication, 
Miss J. K. Merkelijn, J. G. Bolton).
Because the 2700 and 5009 MHz flux densities have the 
smallest errors and indicate the largest spectral differences, 
they have been used to determine the QSO - radio galaxy ratio 
among the Ill's. Two-frequency diagrams for sources catalogued 
in the ±4° declination zone are shown in Figure 5.5 for the 
QSO's, QSO?'s, and radio galaxies, and in Figure 5.7 for the 
Ill's. In these diagrams, the 5009 MHz flux densities have been 
plotted against the 2700 MHz flux densities? the 45° lines 
represent constant spectral indices (a2700-5009^° Fi9ure 5.6 
reflects the same results as Figure 5.4, namely that the QSO's 
exhibit generally flatter spectra with a broader dispersion than 
the galaxies, and that very few galaxies show high frequency 
spectral indices <0.4. There is, however, one important new 
feature. The QSO's appear to exhibit a dependence of spectrum 
on S2 7 QQ in the sense that the steeper spectrum objects are of
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Figure 5.6. Two-frequency diagram for identified sources 
catalogued in the 2700 MHz survey of the ±4 declination 
zone. The 45 lines represent constant effective indices, 
2700 - 5009 MHz.
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UNIDENTIFIED
SOURCES
2700
Figure 5.7. Two-frequency diagram for unidentified sources 
catalogued in the 2700 MHz survey of the ±4° declination zone.
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fainter flux density. The effect is not immediately evident in 
Figure 5.6 because of the addition of the galaxies to the 
diagram. It is further discussed in Chapter 6; in passing it 
is noted that systematic overestimation of the flux densities 
for the weaker sources could result in a similar effect but in 
the opposite sense. In the present context, the result 
indicates that a spectral separation for the Ill's must be 
carried out for each range in flux density. The ranges chosen 
for the analysis were 0.4 < S ^ qq < 0.7 f.u., and 
0.7 < < 3.0 f.u., as indicated by the vertical lines in
Figures 5.6 and 5.7.
To obtain the spectral separation from Figures 5.6 and 
5.7, the number of objects in each area bounded by lines of 
constant spectral index and flux density have been counted, and 
appear as histograms in Figure 5.8. The proportions of QSO's 
and radio galaxies have then been adjusted to give the best fit 
to the histograms for the Ill's, as shown in Figure 5.8. For 
this purpose, the QSO?Js have been treated by placing 50% of 
them in class III and 50% in class QSO. The results indicate 
that in the 2700 MHz flux density range 0.4 to 0.7 f.u.,
35+10% of the Ill's are QSO's and 65±10% are radio galaxies; 
in the range 0.7 to 3.0 f.u., 30110% are QSO's, and 70110% are 
radio galaxies. Precise values and errors are not formally 
assessable because the distributions do not obey known proba­
bility distributions, and indeed there is every reason to 
expect that they should not.
a b
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Figure 5.8. The distributions in high frequency effective 
indices for the classes of optical identification, as ob­
tained from the two-frequency diagrams, and the combination 
of these distributions to estimate the proportion of uni­
dentified sources belonging to each. The unshaded areas in 
the QS0 distributions represent QS0?'s.
Figure 5.8(a) Figure 5.8(b)
0.4 < S2 7qo < 0*7 f.u. 0.7 < S2-y0Q < 3.0 f.u.
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In the preceding analysis several regions of the ±4° 
declination zone in which certain or possible obscuration was 
present were included. An identical analysis has subsequently 
been carried out from which all such regions were excluded.
The sample size was reduced by about one third in consequence, 
but the results are nevertheless considered to be more reliable. 
The analysis has also been repeated classifying all QSO?*s as 
QSO's. From the results obtained, the best estimate for the 
proportion of QSO's among the Ill’s is 25+10% for the range in 
2700 MHz flux density 0.7 to 3.0 f.u., with a possible increase 
to 30±10% for the range 0.4 to 0.7 f.u. When larger numbers of 
sources become available, the analysis may be refined and the 
results treated with greater confidence.
Bolton (1969) found the proportion of QSO’s among the 
Ill’s of the Parkes (403 MHz) catalogue to be <25%. If the 
proportion of QSO’s among the Ill’s in the 2700 MHz catalogue 
is significantly higher, two effects may be responsible.
Firstly, the lower flux density limit of the ±4° zone survey 
might be expected to result in the detection of QSO’s which in 
general are optically fainter. This effect has indeed been 
found by Bolton and Wall (§3.2), and is illustrated in 
Figure 5.9. The histograms of apparent magnitudes of QSO’s 
for different ranges in flux density illustrate a shift to the 
fainter apparent magnitudes with decreasing flux density.
These distributions indicate that the tails of the apparent 
magnitude distributions do indeed run through the plate limits
157
1.0 > So700 ^  0-3 f.U.
0.3 >S >0.1 f.U.2700
Figure 5.9. The distributions in apparent 
magnitude for QSO's from the first two 
parts of the Parkes 2700 MHz survey.
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CHAPTER 6
THE NUMBER - FLUX DENSITY RELATION AT 2700 MHZ
Preliminary results on source counts from the first 
two parts of the 2700 MHz survey have been published (Shimmins, 
Bolton, and Wall 1963; hereinafter referred to as SBW) . With 
the completion of the first two parts of the survey 
(Chapter 2), the sample size for source densities lower than 
500/sr. ($2700 ^ f-u.) is twice that available to SBW.
In this chapter the corrections to the source counts for 
various experimental factors have been considered, and the 
number •- flux density relation* derived from the complete 
sample and these appropriate corrections is presented. The 
result is compared with published number - flux density 
relations for other frequencies. The number - flux density 
relations for the different classes of optical identification 
have also been derived.
* A distinction is made between the "source counts“ and the 
“number - flux density relation" in the present work. The 
former is taken to mean the counts of sources above specific 
flux density levels made directly from observation and plotted 
in the log N - log S plane; the latter is the "true" source 
count, and is derived from the former with the application of 
any corrections necessary for experimental factors.
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3.1 The 2700 MHz °ource Counts
In April of 1S57 the new 2700 MHz receiver was tested 
for a period of 10 days on the Parkes telescope which v/as 
undergoing overhaul at the time» Transit scans were carried 
out at the Celestial equator for a strip about lh° wide and 
about 12A~ of right ascension long. Several sources with 
Sp7 Q0  > 0.5 f.u. were observed which had not been previously 
catalogued, and the count for about 150 sources was founo. to 
have a slope of about "1.5. However, for a highly enlongated 
area, edge effects (particularly the tendency to include strong 
sources just outside the region) are difficult to estimate, as 
are errors in flux densities unless independent measurements 
are subsequently made. The results were of sufficient 
interest to provide added incentive for detailed large scale 
surveys at this frequency.
For the selected regions, edge effects were eliminated 
by surveying beyond each plate area by one or two beamwidths. 
The identification overlay obtained from the accurate position 
programme (§2.4) was used to determine whether the source lay 
within the plate area. Only those within the plate areas have 
been used in the source count; however, all sources which 
were accurately positioned are given in the selected region 
catalogue (Table AII.l). For the ±4° declination zone 
survey, scans were continued at least one beamwidth beyond 
"eclinations +04°00 and -04°00 , and the positions of §2.4 
(precessed to epoch 1950. G) were used to decide if the sources
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lay within this declination range. Only sources within the 
±4° zone were subsequently used in the source counts or 
included in the catalogue (Table All.2).
The areas involved are 6 x 41.20 = 247.2 square 
degrees (0.0753 sr„) for the selected regions, and 2397 square 
degrees (0.730 sr.) for the ±4° declination zone. (The 
region between right ascensions 05^00lQ and 06^00m was excluded 
from the source count to avoid confusion with possible 
galactic sources). The selected region PS 896 (right ascen­
sion 22*\. declination -18°) has been included with the ±4° 
declination zone in making the counts above a level of 
S2700 = ^*35 f.u., and the total area is hence 2438 square 
degrees (0.742 sr.).
The counts for the selected regions are shown in 
Table 6.1, and for the ±4° declination zone + PS 8S6 in 
Table 5.2. The integral counts (the conventional log N - log S 
curve) are shown in Figure 6.1; corrections to these counts 
to derive the number - flux density relation are now 
considered.
6.2 Corrections to the Source Counts; the number - Flux 
Density Relation
The discussion of §2.10 indicates that at a level 
of S^^qq = 0.10 f.u.y the source counts of the present survey 
should not be affected by blends of sources or by incomplete­
ness. There are then four other sources of error which can
produce significant differences between the source counts and
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TABLE 6 . 1 -  SOURCE COUNTS FROM THE 2 7 0 0  MHZ SURVEY 
SELECTED REGIONS
S 2 7 00 A8 - INCH SCHMIDT PLATE NO. 1 2 3
F . U . 1112 891 1 1 1 A 1777 1776 896 N N/SR ( DN/ DS) / SR
0 . 0 7 9 AÜ A2 36 3 A 3 A A7 233 3095
2 . 9 0 E + 0 A
0 . 1 0 0 30 31 32 25 31 39 188 2A97
2 . 2 0 E  + 0A
0 . 1 2 6 20 2A 2 A 19 2 A 3A 1A5 1926
1 . 91 E + 0 A
0 . 1 5 8 13 15 16 13 18 2 A 99 1315
6 • 6AE+03
0 . 2 0 0 10 13 13 12 13 17 78 1036
6 . 2 5 E + 0 3
0 . 2 5 1 6 11 8 7 10 12 5 A 717
3 . A7 E + 0 3
0 . 3 1 6 A 9 5 A 8 7 37 A91
1 . 0 8 E + 0 3
0 . 5 0 1 3 6 3 1 5 A 22 292
3 . 7 3 E + 0 2
1 . 0 0 0 1 2 1 0 1 3 8 106
THE NUMBERS IN THE COLUMNS UNDER »A8-INCH SCHMIDT PLATE N O. '  
ARE THE CUMULATIVE COUNTS IN EACH SELECTED REGION.
c o l u m n  i  -  t o t a l  c u m u l a t i v e  cou nt  f o r  t he  s e l e c t e d  r e g i o n s
COLUMN 2 -  THE INTEGRAL SOURCE COUNT 
COLUMN 3 -  THE DIFFERENTIAL SOURCE COUNT
TABLE 6 . 2 .  SOURCE COUNTS FROM THE 2 7 0 0  MHZ SURVEY 
+A TO -A DEGREE DECLINATION ZONE
S 2 700 1 2 3
F . U . N N/SR ( DN/ DS) / SR
. 3 1 6 3 8 5 519
1 • A3E + 0 3
. 3 9 8 2 9 8 AO 1
1 . 0 2  E + 0 3
. 5 0 1 2 2 0 296
7 . 1 5 E + 0 2
. 6 3 1 151 203
3 . 63E+02
• 79 A 107 1AA
1 . 6 3 E + 0 2
1 . 0 0 0 82 110
9 . 2 1 E + 0 1
1 . 5 8 5 A2 57
2 . 3 9 E + 0 1
3 . 1 6 2 1A 19
col umn  i  -  c u m u l a t i v e  c ou nt  f o r  t he  + a to - a d e g . d e c . z o n e
COLUMN 2 -  t h e  INTEGRAL SOURCE COUNT 
COLUMN 3 -  THE DIFFERENTIAL SOURCE COUNT
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log S diagram) from the 2700 MHz surveys of the selected 
regions and the ±4- declination zone. The error bars are 
representative of the statistical (/n ) uncertainties at dif­ferent source densities. The straight line shown for source 
densities 10 to 10 /sr. has a slope of -1.45.
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the number - flux density relation?
(1) Random errors due to background irregularities and 
receiver output fluctuations which represent a greater 
fraction of the source flux density as the flux density level 
decreaseso Such errors will always produce a source count 
steeper than the number - flux density relation. This is due 
to the basic form of the relation? there are more sources in 
an increment of flux density below a particular flux density 
than in the same increment above, and the imposition of a 
random dispersion thus transfers larger numbers of the weaker 
sources into the higher flux density range than vice versa.
The effect has been directly observed in counts from the 
Parkes 403 MHz surveys.
(2) The systematic overestimation of flux densities for 
sources with signal - to - noise ratios below v5. The effect 
has been discussed by several authors and was first pointed 
out by Mills, Slee, and Hill (1960). It is present for any 
type of instrument and any form of record analysis, and 
results in a steepening of the source count.
(3) Undetected partial resolution of the stronger sources. 
The effect diminishes the number of sources with high, flux 
densities, and again results in a steepening of the source 
count.
(4) The masking of weak sources by stronger sources. 
Despite surveys being apparently complete in the sense that 
no sources have been missed due to fluctuations in the
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background or in receiver output, the effect must occur to 
some extento Of the four effects, this is the only one which 
will reduce the slope of the source count.
For surveys in which the confusion limit (defined 
as in Appendix I) is approached, all these effects together 
with those of blending and incompleteness become interrelated. 
In such surveys, number - flux density relations may only be 
derived by properly conducted Monte Carlo analyses, comparison 
of the observations with computer simulation, or analyses 
similar to that of Scheuer's (1957) P (D) technique. In the 
present surveys, the corrections for factors 1, 2, and 4 were 
found to be small enough to render insignificant the order of 
evaluation and application.
The effect of factor 3 has been removed by observing 
all the stronger sources in the survey at 5009 MHz. The 
doubled resolution enabled accurate size factors to be 
obtained (§4.1(iii)) to derive correct integrated flux 
densities at 2700 MHz. The source counts made considering 
only peak flux densities at 2700 MHz appear markedly steeper 
at the low source densities than those of Figure 6.1.
The influence of factor 1 is strongly dependent on 
the form of the number - flux density relation, in a similar 
fashion to the calculation of the background fluctuations 
described in Appendix I. Provided that the error distribution 
in each interval of flux density is precisely known, and that 
corrections required for the other experimental factors have
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been applied, the effect ay be removed by successive approxi­
mations as followso If the (true) number - flux density 
relation is divided up into differentials AN and AS, and if 
the flux densities in each AS are dispersed by the error 
distribution corresponding to that flux interval, the recombi­
nation of all the intervals and subsequent recounting will 
result in the (observed) source count. A computer programme 
was written to start from the observed source counts, and 
using the technique described above with the estimated 
distributions in errors for the 2700 HHz flux densities 
(§2.8, Figure 2.6), to derive the number - flux density 
relation from successive approximations. At the level of 
S2700 ~ f.u., the difference between this relation and
the source counts of Figure 6.1 was found to be less than 1%, 
well under the statistical uncertainty due to the number of 
sources involved in the counts. The calculations were 
repeated increasing the standard deviation of the background 
fluctuations. For a standard deviation of 0.03 f.u., three 
times that estimated in Appendix I, the results indicated 
that a significant steepening of the counts should be apparent 
at  ^0.10 f.u. Such steepening does not appear in
Figure 6.1? this is interpreted as indicating no serious 
underestimation of the standard errors in flux density due to 
fluctuations in the background or in receiver output.
Similar calculations have been carried out by 
Braccesi et al. (1965b) in a comparison of the Parkes 408 MHz
IG 7
counts with observations at Bologna (Braccesi et a_l. 1965a) ,
In addition they correct for overestimation of the flux 
densities of the weaker sources (factor 2), and find very 
good agreement between the Parkes 408 MHz counts and the 
preliminary Bologna results. Their analysis of the Parkes 
source count reduces the slope in the range 10 to 100 
sources/sr. from ^-*1.35 to ^-1.6.
Factor 2 has been shown by Murdoch and Jauncey 
(reported by Murdoch and Largs 1968) to lead to a fractional 
overestimation of the flux density by (y + 1)/R where the 
(integral) number ~ flux density relation is of the form 
IT (sources/sr.) a and R is the ratio of flux density to
the r.m.s. value of the fluctuations in background and receiver 
output. At a level of S2700 = f.u., the standard error
of §2.8 indicates an overestimation of flux density by 3.3%, 
and this value diminishes rapidly to the larger flux densities. 
Factor 4, the masking of weak sources by strong sources, has 
been estimated in §2.10 with a random source experiment, and 
a correction of 2% to the integral count at 0.10 f.u. was 
obtained. The sense of these two corrections is opposite, 
and the modification subsequently indicated to derive the 
number - flux density relation from the source counts of 
Figure 6.1 is again far smaller than the statistical 
uncertainty.
The considerable amount of calculation described in 
this section indicates simply that in the source counts of
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Tablas 6.1 and 5.2 the correction required for the combination 
of experimental effects described is negligible compared with 
the statistical uncertainties set by the numbers of sources 
in the counts. These counts consequently represent the 
27C0 HFz number - flux density relation to within the statisti­
cal uncertainties involved.
6.3 Other Forms of the dumber - Flux Density Relation
Jauncey (1967) has pointed out that the conventional 
log M - log S presentation of the number - flux density 
relation suffers from two defects. Firstly the statistical 
errors at each level of flux density are not independent 
because a. sample at any level includes sources already counted 
at a higher intensity level. Formal fitting of a function 
describing the relation using these error bars is consequently 
erroneous and leads to a serious underestimation of the good­
ness of fit. Secondly,, the integral counts smooth cut 
fluctuations in the numbers of sources at each level to the 
extent that a change in the relation between source density 
and intensity may either go undetected or be detected at an 
intensity level significantly below that at which the change 
actually occurs. Jauncey proposes the use of the differential 
form of the relation, in which AR/AS is plotted against S? in 
such a representation both, defects are overcome.
The differential form of the present number - flux 
density relation is presented in Tables 6.1 and 6.2, and is 
shown in Figure 6.2. A comparison of Figures 6.1 and 6.2
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Figure 6.2. The differential source count for the 2700 
MHz surveys of the selected regions and the ±4° declina­
tion zone. The statistical (/n ) errors are shown. The 
line fitted through the high flux density portion has a 
slope of -2.55.
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illustrates Jauncey's second point» The differential count 
may he fitted by a straight line which just passes through all 
error bars and which has a slope of -2.40« This is equivalent 
to a slope of -1.40 in the log F - log S plane (from 
dW a S Y^+^dS) which provides a very good fit to the data in 
Figure 6 do However, examination of Figure 6 »2 indicates that 
a gradual decrease in slope of the number - flux density 
relation with source density is statistically more probable, 
and that the low source density portion (to, sav* F = 200/sr«) 
is best fitted by a straight line of slope ~2.55±.10.
(The survey is not believed to be complete at a 
level of $ 2 7 0 0  - 0»085 f.u., and consequently no weight can be 
given to the point at this level in either diagram).
Refsdal (1969) has presented a simple technique for 
the formal evaluation of the error in fitting a straight line 
tc any portion of the conventional log N - log S curve» He 
shows that Ay/y, the fractional error in the estimate of the 
slope y, is given by F (Ib/lb ) ° (lb - H ^ J where lb and fcb
are the numbers of objects greater than S. and S.(S. > S.).3 1 1
The simple function F(i>b/lb) tends to unity for lb >> £b » 
Figure 6 »3 shows the result of this analysis for the 2700 MHz 
counts. The computed slopes have been plotted against source 
density, and the results obtained by Refsdal from reanalysis 
of Gower's (1966) 178 MHz data are also shown« The analysis 
and this presentation of the number - flux density relation 
suffer from a shortcoming in that there is no explicit
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Figure 6.3. The slope (y) of the integral number - flux density re­
lations at 178 and 2700 MHz versus source density (from the analysis 
of Refsdal (1969)).
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indication cf where the derived value of Y should be plotted 
along the interval in H (or S) considered. In Figure 6.3, the 
average value for S2700 in each interval considered was 
computed and converted to a source density ^2700 v^a 
Figure 6.1. The same procedure was used in plotting the 
results obtained by Refsdal from Gower's 173 MHz counts, 
Gower's conventional log N - log S curve being used to obtain 
the - ^178 translati°n • Examination of Refsdal's
Figure 2 indicates that he used a different procedure which 
unfortunately is not discussed. A formal combination of the 
first three 2700 MHz points of Figure S.3 gives y = 1.43±.09 
for the interval 50 to 300 sources/sr., and of the remaining 
three points gives y = 1.351.11 for the interval 300 to 2500 
sources/sr.
All presentations of the number - flux density 
relation and all attempts at formal description of these 
presentations suffer from the same central problem; any 
formal description requires an a priori assumption on the form 
of the relation. In particular, the common assumption of 
straight lines in the log 17 - log S plane has only one justi­
fication - that of ease of description of the relation over a 
limited range in source density. The most obvious approach is 
strongly recommended; the data should be presented in tabular 
and/or the simplest of graphical forms (the integral 
(Figure 6.1) or differential (Figure 6.2) counts). Compari­
sons of theoretical computations with such presentations are
173
just as simple as if precise mathematical descriptions of 
number - flux density relations were somehow derived»
6o4 Comparison with Counts at 178 MHz and 408 MHz; Answers 
to Criticisms
The preliminary results of source counts from the 
2700 MHz surveys were compared with Gower’s 178 MHz counts in 
SBW. The new results support the conclusion of SBW; the 
2700 MHz number - flux density relation indicates the presence 
of relatively greater numbers of sources at low source densi­
ties than does the 173 MHz relation» This result is illustra­
ted in Figures 6.3 and 6.4» In the former, the Refsdal 
analysis for both frequencies indicates that the initial slope 
of the 178 MHz relation is significantly higher than that of 
the 2700 MHz counts. In Figure 6.4, the spectral data of 
Kellermann, Pauliny-Toth and Williams (1969; referred to as 
KPW) have been used to derive the distribution of effective 
spectral indices (178 - 2700 MHz) for the sources in the 3CR 
catalogue. Assuming no dependence of this distribution on 
S178 s^ee' e °9« Williams et al. 1968), Gower's counts, scaled 
in flux density by a factor of 1.08 (§4.7) have been convolved 
with the histogram to yield a prediction of the 2700 MHz 
number - flux density relation. The difference in initial 
slope is again apparent.
In Figure 6.4 the result of a similar convolution of 
the 408 MHz relation of Pooley and Ryle (1968) is also shown. 
The distribution in effective indices (408 - 2700 MHz) again
N 
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a  Selected regions
•  t4r Declination zone
▲ 178 MHz (Gower)
O 408 MHz (Pooley and Ryle)
^2700
Figure 6.4. The 2700 MHz number - flux density relation of 
Figure 6.1 compared with the 178 MHz count of Gower (1966) and
the 408 MHz count of Pooley and Ryle (1968), each convolved to 
2700 MHz as described in the text.
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has been derived from the data of KPW, by interpolating 
between the 178 and 750 MHz flux densities. The procedure is 
not strictly valid in that the sample of sources forming the 
effective index distribution is from a 178 MHz survey rather 
than a 408 MHz survey, and consequently contains too few 
sources of flat spectra, In Figure 6,4 this is apparent in the 
displacement of the computed 2700 MHz relation from that 
observed. The form of the predicted 2700 MHz relation is in 
better agreement with the 2700 MHz observations than that 
obtained from the 178 MHz counts? tne difference may not lie 
outside the statistical uncertainties. Proper scaling of flux 
densities and use of the correct effective index distribution 
would help to settle the question.
After the difference between the 178 MHz and 2700 MHz 
number - flux density relations was noted and discussed by SBM, 
several criticisms were published (Pooley 1968a, 1968b? 
Kellermann, Pauliny-Toth, and Davis 1968? van der Laan 1969), 
These are now considered.
Pooley (1968a) pointed out that the best fit line 
through the Cambridge 408 MHz counts (which were not available 
to SBTa7) has the same slope as the 2700 MHz counts of SBW for 
the range of source densities 300 to 3000/sr. Figure 6.4 
indicates that the point is not in dispute, and that the 
408 MHz counts may be compatible with the 2700 MHz number - 
flux density relation at source densities well below 300/sr, 
Pooley further stated that the 408 and 173 MHz counts were
176
similar in form to within statistical uncertainties, and thus 
implied that the differences between the 178 and 2700 IlFz 
counts were unimportant. As can be seen from Figures 6.3 and 
6.4, this is not the case. Pooley also contended that the 
counts of 3BV7 were in conflict with the counts from a 1420 I-IHz 
survey by Galt and Kennedy (1963) . It is shown in the next 
section that the effects of large errors in flux density due to 
low signal - to - noise ratio have seriously affected these 
1420 I.”Iz counts, and that in consequence no such conclusion 
may be drawn. In attempting to disprove the existence of any 
dependence of spectrum on flux density, pointed out by 3BW to 
be requisite if source counts at different frequencies were 
dissimilar in form, Pooley stated that observations of faint 
sources at 1407 IIHz showed a similar distribution in spectral 
index to that found for 3C catalogue sources. This is to be 
expected; Pooley himself remarked on the similarity of the 
form of the number - flux density relations at the higher 
source densities. Because the divergence in the relations 
occurs at the lowest source densities, any dependence of 
spectrum on flux density will be most marked for the brighter 
sources, as discussed in §6.6. Pooley's final point that the 
!:four or five sources with unusual spectra.. .cannot be held 
responsible for the (initial) slope of ~1.8 found in other 
surveys'5 is not valid unless it is clear that a count at a 
particular frequency is of greater significance than counts at 
other frequencies. The conclusion of Pooley's communication,
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in which he suggests that "it would be inappropriate to reinstate 
a steady-state model of the universe on the present evidence” 
is also not in contention? this suggestion was not made in 
SB!!. The same points are raised in Pooley’s second, criticism 
(196Hb), but now the rider is added? "It would, of course, be 
surprising if some differences (in the form of the source 
counts) were not found since some sources exhibit unusual 
spectra."
Kellermann, Pauliny-Toth and Davis (1968; referred 
to as KPD) have made limited surveys at 5000 MHz, and on the 
basis of these and other considerations, criticize all aspects 
of SB!>7. They claim to have discovered an excess of flat 
spectrum sources at the higher source densities, implying a 
dependence of spectrum on flux density in the sense opposite to 
that shown by SEW to be necessary if the 2700 MHz and 178 MHz 
counts differ in the manner apparent in Figures 6.3 and 6.4. 
Their result is based on observations of only 9 sources in a 
small survey area which was specifically chosen (for the 
Cambridge 5C1 survey) as being devoid of strong sources in the 
3C and 4C catalogues. The procedure used by SB!! to obtain a 
prediction of the 2700 MHz source count from the 178 MHz counts 
of Gower was criticized by KPD on two grounds. Firstly they 
pointed out that the counts of Gower do not extend to low 
enough flux levels. In the SB!! computation, these counts were 
extrapolated by one order of magnitude in flux density. Little 
error was consequently introduced because the samples of
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sources from low frequency catalogues contain few with flat 
spectra, and the result of the convolution is hence insensitive 
to the extrapolation assumed. Secondly MPD pointed out that 
the wrong spectral index distribution had been used for the 
convolution. This question was explicitly discussed, in SBW.
KPD claim to have carried out the convolution in precisely the 
manner described at the beginning of this section. It is 
difficult to see how they arrived at the conclusion that 
:above a flux density of 0.3 f.u. at 2700 MHz there is no 
significant deviation between the computed number - flux 
count and the observational data of SBW.:
Van der Laan (1969) introduced a notation for 
discussing number - flux density relations and spectral index 
distributions at different frequencies. His subsequent 
analysis appears to be almost identical to unpublished 
calculations carried out by 17a11 prior to publication of SBW. 
Van der Laan concluded that the Parkes counts at 2700 MHz 
have been overestimated at source densities below 100/sr. 
.because there is no supporting evidence in the literature for 
the spectral conditions which must be met for reconciliation 
with the 178 MHz counts. Both SBW and the present catalogues 
which give a sample size double that of SBW do provide such 
evidence. The difference in the form of the 2700 MHz number - 
flux density relation is due to the presence of sources which 
are strong at this frequency and apparently below the flux 
limits of the 173 MHz surveys. Further discussion of this
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point is presented in §6.6.
6.5 Comparison with Humber Flux Density Relations at Other 
Frequencies
In Figure 5.5, the number - flux density relations at 
178, 403, and 2700 MHz are shown together with three other such 
relations near 1400 MHz which are now discussed.
(1) The counts from a survey at 1420 HITz by Galt and 
Kennedy (I960) were invoked by Pooley (19.58a) as evidence of 
overestimation of the 2700 i-!Kz counts of SB!7 at low source 
densities. These counts (Galt and Kennedy Figure 3) indicated 
a slope of -1.38 in the log IT - log S plane in the range of 
source densities 55/sr. to ^3/sr. for sources well away from 
the galactic plane. The serious effect of errors in the flux 
densities on these counts does not appear to have been 
recognized, as no attempts to derive the requisite corrections 
have been described by Galt and Kennedy or by Pooley. The 
magnitude of the errors is such that the effects described in 
§6.2 become interrelated, and in addition the error distribu­
tions in flux density will no longer be Gaussian. A first 
approximation to the number - flux density relation has been 
derived using the programme described in §6.2, and assuming 
the errors quoted by the authors to be the standard errors of 
normal distributions. From the result shown in Figure 6.5, 
it is apparent that at source densities where the counts are 
free from the effects of flux density errors, statistical
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ODA0 1420 MHz 
a CTD 1421 MHz
Figure 6.5. Number - flux density relations at several fre­
quencies. The curves shown for 2700, 408, and 178 MHz are 
those of §6.2, Pooley and Ryle (1968), and Gower (1966) 
respectively. The relations at frequencies near 1400 MHz 
are those discussed in §6.5.
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uncertainties are such that the form of the relation is indetermi- 
ate. Moreover( the rapid flattening of the relation at source 
densities above 30/sr. (when compared to the OSU 1415 MHz 
counts discussed below) indicates that the survey is probably 
complete to about half the source density of 0.55/sr. suggested 
by Galt and Kennedy. It is certain that there is no discre­
pancy between counts from the DAO survey and the 2700 MHz 
number - flux density relation of §5«2.
(2) The number - flux density relation from the CTD survey
at 1421 '2Hz (Kellermann and Head 1965) has been estimated by 
means of the programme of §5.2, using the counts shown by 
Kellermann and Read in their Figure 1 and the flux density 
errors which they quote. The form of this relation when 
compared to the OSU count indicates that the survey is probably 
complete to a level of = ^e5 f-u. (^75 sources/sr.)
rather than to 1.15 f.u. as suggested by the authors. The 
counts are from a small sample (^140 sources) and the derived 
number - flux density relation shows no marked difference in 
form when compared to the 2700 MHz relation.
(3) The OSU surveys at 1415 MHz (Scheer and Kraus 1967?
Dixon and Kraus 1968; Fitch, Dixon, and Kraus 1969) provide 
the most significant counts of sources in this part of the 
radio spectrum. The number - flux density relation shown in 
Figure 6.5 has been derived from the counts presented by Dixon 
and Kraus (1963) and Fitch, Dixon, and Kraus (1969) in the 
manner described for the two surveys discussed above. This
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relation is the only one derived at a frequency above 1000 MHz 
to show definite evidence of steepening to the lower flux 
densities. Some of this steepening may be due to undetected 
partial resolution of a fraction of the stronger sources, but 
the size of the beam (10 * 40 arc minutes) makes it doubtful 
that the relation could have been seriously affected.
The differences apparent between the three number 
flux density relations derived near 1400 21Hz appear to lie 
within uncertainties due to flux scaling and to the numbers of 
sources involved in the counts.
If one accepts the number - flux density relations of 
Figure 6.5 at face value, than at source densities of ^200/sr. 
the slope of the relation is ^-1.5 for all frequencies, It 
is suggested that below this source density, the relations at 
all frequencies steepen, but that the source density at which 
the onset of steepening occurs (and possibly the magnitude of 
this steepening) decreases as frequency increases. Signifi­
cant steepening of the 2700 MHz relation may not occur before 
source densities as low as 30/sr,; in this regard a survey of 
an additional 0.8 sr. of the southern sky is nearing completion 
(A. J. Shimmins, personal communication), and the further 
doubling of the sample size anticipated for source densities 
above 500/sr. will be of considerable interest.
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6.6 The Difference between the Number - Flux Density Relations 
at 2700 and 173 MHz
From a limited survey carried out simultaneously at 
frequencies of 750 and 1410 IIHz, Koglund (1968) obtained source 
counts which showed marked steepening at low source densities 
and which were identical in form to the 178 MHz (4C) counts 
for the same area. The results of a count of the 4C sources 
in the ±4° declination zone to a level of S ^ g  = 5 f.u.
(150 sources/sr.) is shown in Figure 6.6, together with the 
2700 MHz counts for the same zone. (For sources stronger than 
S178 =  ^ i-n the 4C catalogue, the 2700 MHz survey revealed
only a few cases of confusion in this zone/ e.g.
4C-01.4 = PKS 0053-015 and 0053-016; 4C+01.24 e PKS 0906+01
and 0906+011; 4C+03.31 e PKS 1502+036 and 1502+039. The
errors in this 4C count due to confusion and/or resolution are 
thus much smaller than statistical uncertainties due to the 
limited number of sources in the count.) The statistical 
probability of the two counts indicating number - flux density 
relations of the same slope is not negligible; however, the 
precise agreement in form found by Hoglund is most certainly 
not present.
SBW showed that if a change in form of the number - 
flux density relation between 178 and 2700 MHz was real, then 
it must be paralleled by a dependence of effective index 
a178-2700 on ^ ux density. The calculations illustrated in 
Figures 5.3(b), (c), and (d) show the change in effective index
184
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Figure 6.6. Source counts for the ±4° declination 
zone from the 4C catalogue (178 MHz) and the 2700 MHz 
survey.
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distributions with 2700 HKz flux level expected if number • 
flux density relations at the two frequencies are as in 
Figure 6.5. Two difficulties are encountered in testing for 
the existence of this effect. Firstly, the forms of the 
number - flux density relations become similar at source 
densities >3O0/sr. and the relatively small numbers available 
for the lower source densities limit the significance of the 
result. Secondly, for many of the sources in the 2700 MHz 
catalogue, the 178 MHz flux densities are not available. Thus 
only the two ranges in 2700 11Hz flux density,
0.64 1 £ > 2 7 0 0  < 1.01 f.u. and > 1.01 f.u. have been
considered. Effective indices ai7g_2700 were obtained for all 
sourcss in the 2700 MHz catalogues for these ranges. (For 
several of the sources which are apparently below the limit 
of the 4C catalogue, flux densities at 178 IHz were estimated 
by extrapolating the higher frequency data.) Histograms for 
the sources in these two ranges of 2700 MHz flux density 
appear in Figure 6.7. There is a significant difference 
between them which is most apparent in considering the fraction 
of each sample below ai73„2700 = 0•4 * This fraction is 0.33 
for the sample of S. 
of 0.64 < S.
178-2700
'2700 “ f.u., and 0.23 for the sample
< 1.01 f.u. The median effective index for2700
the former sample is 0.55, and for the latter 0.64. The 
difference between the samples is in the sense required by 
the observed difference in the number ~ flux density relations. 
In Figure 6.7, the predicted distributions in
186
77 sources ^1012700
0-64 ^ S 27oo < 101 69 sources
-10  - 0*5
178-2700
Figure 6.7. Histograms of effective indices 
178 - 2700 MHz for sources catalogued in the 
2700 MHz survey of the ±4 declination zone. 
The non-shaded areas represent sources for 
which the 178 MHz flux density has been 
estimated from extrapolation of the spectrum 
to the lower frequencies. The distributions 
represented by the dots are the predicted 
distributions calculated as described in 
§5.3.
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effective index, calculated in the manner described in §5.3 
for the number - flux density relations of Figure 6.5, are also 
shown. These distributions have been normalized to the sizes 
of the samples in the two flux density ranges. They show a 
somewhat smaller difference than the observed distributions.
The dependence of effective index on flux density 
indicated that differences might appear in the distributions 
of the low and high frequency spectral indices. The distribu­
tions for aLp and aHp (aLp - c‘70Q; aHp ' a2700? see §5a1  ^ in 
the two ranges of 2700 MHz flux density considered above are 
shown in Figure 6.8. The translation of the more intense 
sample to the flatter spectra is apparent for both the aT„ 
and a,—  distributions.nr
Observations indicating (1) different slopes of the 
number - flux density relation for sources counted in surveys 
of the same region of sky at widely separated frequencies, and 
(2) a dependence of distributions of effective indices at 
these two frequencies on flux density for these sources, are 
obviously not independent phenomena, and serve only as a 
measure of self-consistency in interpretation. The reality of 
the suggested difference in forms of the number - flux density 
relations depends on the accuracy to which the relations 
derived from the ±4° declination zone represent those obtained 
over much larger areas of sky.
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6.7 The Dependence of Spectrun on Flux Density
The dependence of spectrum on 2700 MHz flux density 
suggests the following
(1) Suppose that the QSO's and radio galaxies have number ~ 
flux density relations with very different slopes at 2700 MHz.
If the OSO relation is flatter than that of the radio galaxies, 
then samples of sources in decreasing intervals of flux density 
will contain decreasing proportions of OSO's. Because the 
OSO's as a class have flatter spectra than radio galaxies 
(§5.5), samples in different intensity ranges of sources 
catalogued at 2700 MHz will show a dependence on spectrum in 
the sense found in the previous section« Moreover, the 
spectral selection effect of survey frequency ensures that the 
majority of objects in catalogues of sources compiled at
173 MHz are radio galaxies« The result is that little depen­
dence of spectrum on flux density for the sources from a 
survey at such a frequency would be expected if the foregoing 
should prove to be correct.
(2) As an alternative, suppose that the OSO's and radio 
galaxies have approximately the same form of number - flux 
density relation at 2700 MHz« One or both of these classes 
then raust exhibit a dependence of spectrum on 2700 MHz flux 
density in the sense found for the samples of the preceding 
section. This possibility is now discussed? the former is 
considered in §6.8,
For the sources of the 4C catalogue (amongst which
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radio galaxies predominate) little dependence of spectrum on 
flux density has been found (e.g. Long et a^. 1266). It is 
therefore most likely that if one class of identification were 
to be responsible for the dependence of the spectra of sources 
catalogued at 2700 MHz on 2700 MHz flux density (and conse­
quently for the change in initial slope of the number - flux 
density relation) then that class should be the QSO's.
Two - frequency diagrams provide a convenient method 
of studying the question» These are shown for 2700 MHz and 
173 MHz in Figures 6.2 and 6.10 for the radio galaxies and the 
QSO's in the 2700 MHz catalogue of the ±4° declination zone.
The diagram for galaxies shows a concentration to the effective 
spectral index line 0.8 and it is clear that surveys at either 
frequency reveal radio galaxies with a similar distribution in 
effective spectral index at any flux level within the ranges 
presently being considered. A similar grouping of sources to 
the effective index line 0.8 occurs in the OSO diagram, and 
from the point of view of a survey at 173 MHz, it dominates 
the effective index distribution at all flux levels to the 
limit of 4C. However, at 2700 MHz this group only becomes 
important towards the limiting flux density (S-^qq = 0.35 f.u.) 
of the ±4° declination zone survey, and clearly shifts the 
median spectral index from a low value at the high flux density 
levels (where the distribution is dominated by flat and 
inverted spectrum sources) to a higher value at the survey 
limit.
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2700
Figure 6.9. Two-frequency diagram for radio galaxy identifica 
tions in the ±4 declination zone of the 2700 MHz catalogue. 
Circled point indicates a source for which the estimate of the 
178 MHz flux density is unreliable. * Arrowheads indicate upper 
limits to flux densities at 178 MHz.
192
S27QO : O'40 f.ü.
Si78 (f-U.)
Figure 6.10. Two-frequency diagram for the QSO and QSO? iden­
tifications in the ±4° zone of the 2700 MHz catalogue. Circled 
points indicate sources for which the estimate of the 178 MHz 
flux densities are unreliable. Arrowheads indicate upper 
limits to flux densities at 178 MHz.
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That the high frequency spectrum of QSO's found in 
the 2700 MHz survey also indicates a dependence on flux density 
at 2700 ‘Hz has been mentioned in §5.6. To illustrate the 
effect with greater clarity, the two frequency diagram for 
5009 MHz and 2700 IiHz has been plotted in Figure Soil v/ith 
the data from Figure 5.6 for the QSO's alone« A similar 
diagram has been plotted for the QSO’s identified in the Parkes 
(d03 MHz) catalogue, using 2650 MHz flux densities from 
Sbimmins et aM. (1966) and Shimmins (1963a), and 5009 MHz flux 
densities from Shimmins, Manchester, and Harris (1969)* The 
same steepening of the high frequency spectrum with decreasing 
intensity level is apparent«
Further evidence that the QSO’s are responsible 
for the dependence of spectrum on 2700 MHz flux density for 
sources catalogued at this frequency is provided by 
Figure 5.12. The distributions shown are those of Figure 6.3 
save for the removal of the 050’s, it is apparent that all 
dependence of both high and low frequency spectral indices on 
flux density has been eliminated.
6.3 Source Counts for QSO's and Radio Galaxies
In Figure 6=13 the source counts for the radio galaxy 
and OSO identifications from the 2700 MHz catalogues for the 
selected regions and the ±4° declination zone are shown. When 
the unidentified sources are added to these counts such that 
25% are assigned to the QSO's and the remainder to the radio
(f.
u.
)
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• Q SO
QSO ?
2700
Figure 6.11. Two-frequency diagram for QSO's and QSO?'s in 
the ±4 declination zone of the 2700 MHz catalogue. The 45 
lines indicate constant effective indices, 2700 - 5009 MHz.
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galaxies (§5.6), both counts are appreciably steepened as 
shown in the diagram. There is then evidence that the number - 
flux density relation for the radio galaxies is of steeper 
slope than that for the QSO’s. This result depends upon the 
classification of the unidentified sources; to equalize the 
slopes, more than 50% would have to be QSO’s. The analysis of 
§5.6 indicates that this is highly unlikely, and a further 
argument in favour of the suggested division is given in §7.3. 
(The error bars shown are representative of the statistical 
uncertainty and do not include the ^10% uncertainty in the 
classification of the unidentified sources.)
If the radio galaxies show no dependence of spectrum 
on flux density as the previous section has indicated, then 
the number - flux density relation for these objects must be 
of the same form as that found at lower frequencies. Bolton 
(personal communication) has recently re-analysed the identi­
fication data from the +20° to -20° declination zone of Parkes 
(408 MHz) catalogue, and has constructed a source count of 
radio galaxies + 75% of the unidentified sources. There is 
good agreement in form between this count and that of 
Figure 6.13.
On the other hand, the dependence of spectrum on 
2700 MI-Iz flux density for the QSO's found in the 2700 MHz 
surveys indicates that the number - flux density relation at 
this frequency must be flatter than that obtained from the low 
frequency surveys. At the same source densities, Bolton’s
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Figure 6.13. Source counts for the identifications from 
the 2700 MHz surveys of the ±4° declination zone and the 
selected regions. Some of the area of the ±4 zone has been 
excluded because of possible obscuration. The error bars 
shown represent the statistical uncertainties. The dotted 
curves are the number - flux density relations computed for 
a non-evolutionary Friedmann universe, as described in Chap­
ter 7 .
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count for the QSO's + 25% of the unidentified sources is indeed 
considerably steeper than that of Figure 6.13.
From a consideration of surface brightnesses derived 
from 1425 MHz interferometry, Fomolont (1963) concluded that 
sources of high surface brightness (a high proportion of which 
are QSO's) had a source count at this frequency significantly 
steeper than that of sources of low surface brightness. The 
result is in direct conflict with that obtained in this 
section, and it appears that Fomalont's sample must suffer from 
serious incompleteness. Furthermore, he has overinterpreted 
integral source count data in precisely the manner pointed out 
to be erroneous by Jauncey (1967), although he refers to 
Jauncey's work in his introduction.
The results of the last two sections indicate that the 
change in form of the number - flux density relation with 
frequency, and the consequent dependence of spectrum on flux 
density, is in fact due to a combination of the two explana­
tions suggested at the beginning of §6.7. Of the two possible 
effects, however, the dependence of spectrum on 2700 MHz flux 
density is dominant. The radio galaxies appear to show no 
change in form of the number - flux density relation with 
frequency, and no dependence of spectrum on flux density. The 
QSO's appear to have a steeper relation than the radio galaxies 
at the low frequencies, a slightly flatter relation than the 
radio galaxies at 2700 MHz, and a spectrum vrhich is dependent 
on flux density at 2700 MHz. The implications are discussed in 
the following chapter.
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CHAPTER 7
INTERPRETATION OF THE NUMBER - FLUX DENSITY RELATION
A simple numerical technique is presented in this 
chapter to derive luminosity functions and to investigate 
number - flux density relations at different frequencies. 
Computations have been carried out for two popular models of 
the universe (a Friedmann model with A = 0, qQ = +1; and the 
steady-state model) v/ith the assumption of no evolution in 
power or density for the radio sources involved. The results 
are compared with the observations.
7.1 Previous Investigations of the Significance of Source 
Counts
There have been many attempts, both analytical and 
numerical, to examine the significance of experimentally 
determined number - flux density relations. Early work was 
carried out by McVittie (1957), Priester (1958), Davidson 
(1959), Mills (1960), Minkowski (1960), Hoyle and Narlikar 
(1961, 1962), and Ryle and Clarke (1961). Of the later 
investigations, the numerical approach of Longair (1966) 
appears to offer the greatest promise in that any form of the 
geometry, luminosity function, radio spectrum or evolution can 
be considered. Moreover these may be considered for different 
source populations which may then be combined. Longair*s 
conclusions were that the form of the 178 MHz source counts 
indicated (i) evolution of a class of high luminosity sources
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(which he tentatively identified as the QSO's), and (ii) a 
cut-off (source density zero) beyond z - 4. The result is in 
essential agreement with those of previous investigations with 
the exception of that of Hoyle and Narlikar. The "hierarchal" 
model of the steady-state theory proposed by these authors is 
mentioned in §7.5.
Chapters 3, 4, 5, and 6 have shown that in comparison 
to low frequency catalogues, a sample of sources catalogued 
from a 2700 MHz survey exhibits a different initial slope for 
the number - flux density relation, a dependence of radio 
spectrum on flux density, a large proportion of sources whose 
spectra deviate dramatically from power laws, and a considerable 
increase in the ratio of identified QSO's to radio galaxies.
It is clear that any theory suggested to explain the low 
frequency source counts must satisfy the conditions imposed by 
the present results. In none of the previous investigations 
have the results been transferred from one frequency to an 
another, although a few authors speculate briefly on the 
problem (e.g. McVittie 1965; Kellermann, Pauliny-Toth, and 
Davis 1968). Moreover, the influence of the form of the radio 
spectrum has rarely been considered.
In this chapter a simple numerical technique is 
described for the investigation of source counts at different 
frequencies. Any geometry, evolution, luminosity function, or 
radio spectrum may be incorporated. Development of the 
technique stems from a conversation with Dr. Allan Sandage, in
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which he suggested that the radio counterpart of the classic 
"m - logir diagram" might be useful in examining the spatial 
distribution of radio sources in a manner similar to that in 
which the diagram was used to examine the distributions of 
stars and absorbing material.
7.2 The Computational Technique; S - 2 Diagrams
The computations have been carried out in the form 
of S - z (flux density - redshift) diagrams. In these, each 
column i represents a range about S^, the flux density at a 
particular frequency (S^+  ^ < S^ ) , and each row j represents a 
range in redshift about (z^  - 0 and > zj)* The ranges
spanned by each column and row are narrow enough so that the 
area in every element (i,j) of the diagram may be approximated 
by (Sj^Zj). The analogy to the m ~ logTr diagram is evident, 
and exact save for the fact that the interpretation of stellar 
parallax evokes less controversy than that of QSO redshift.
For a particular class of object, assumptions of a metric, a 
radio spectrum and a radio luminosity function (abbreviated 
hereinafter to RLF) enable computation of the number of radio 
sources in any element of the diagram as described below. The 
summation of the entries in column i to row j gives the number 
of sources between + AS/2 and - AS/2 at all redshifts 
<zj; the summation of the entries in row j to any flux density 
S^ gives the number of sources at redshift z^  down to a level 
Si. If the diagram extends to redshifts large enough that
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entries in column i become zero, then the number - flux density 
relations down to (in either differential or integral forms) 
are available from the summation of each column.
The approach is clearly similar to that of Longair's, 
and the same flexibility is present * However, the S - z 
diagram has the advantage over the P - z diagram which he 
computes in that it is a plot of observed quantities. The 
S - z diagram is a direct display of the manner in which the 
source counts build up by the contribution of each class of 
object from a particular volume (redshift) shell. Moreover, 
the technique avoids the use of the confusing term "luminosity 
distribution".
Sources appearing in element (S^,z^) of the S - z 
array must radiate (into 4tt sr. and in their rest frame) a 
power at the frequency at which the array is being compiled 
given by
2 a .-1
= 4tt[D(z .)] •Si*(l + z.) 3 - (7.1)
where D(z^) is the luminosity distance for the cosmological 
model being considered,
and oij is the effective spectral index (defined in the sense 
used previously) between the frequency of the S - z 
diagram and (1 + z^ ) times this frequency.
a .-i
The factor (1 + z^ ) J corrects for the effects of "K - 
dimming" and bandwidth expansion. In the absence of evolution, 
the number of sources appearing in element (S^,z^) is then
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given by;
[. . = iHF . . ) 0 AV . ° AF .i,3 1,3 3 1,3 - (7.2)
where ip (F. .) is the RLF, i.e. the number of sources per unit1,3volume with radio power outputs between F^  ^ and
F . . + dF. .,i,3 i,3AVj is the co-moving volume element, or shell, between 
redshifts z^ + Az/2 and z^ - Az/2, 
and AF^  ^ is the element in power corresponding to the 
finite width of element (i,j) in the S - z plane.
The calculations described herein must be regarded as 
preliminary. They were performed on the IBM 1620 computer at 
Mount Stromlo Observatory? the relatively small core storage 
(40K) did not provide a serious limitation on the size of the 
S - z array which could be examined. The luminosity functions 
and geometries used are both in the form of sub-programmes 
which may easily be altered for different populations, model 
universes, or evolutions. The radio galaxies have been 
divided into 7 different spectral classifications, and the 
OSO's into 16. Each spectral classification is described by 
10 pairs of (S^,v) entered as data from which the a^'s of 
equation 7.1 are computed. The final output is the S - z 
array for each class of object, with integral and differential 
counts computed for each level in the array.
In the present computations, the Hubble constant Hq 
has.been assumed as 75 km. sec.^ Mpc  ^ (Sandage 1968a) and two 
models have been tried; A = 0, q = +1 ( a closed universe
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with positive curvature), and the steady-state model. The 
luminosity distances in these universes are given by (see e.g. 
McVittie 1965)«.
q = +1 D = cz/H
q = -1 D = cz(1 + z)/H
The volume elements were derived from Sandage (1961). Each 
entry in his Table 3 is (log V(z^) - 6.131) for 
Hq = 75 km. sec.  ^Mpc ^.
The luminosity functions for each class of object, 
spectrum, and geometry have been derived at 2700 MHz and 
178 MHz from comparison of the observed and computed S - z 
diagrams as is now described.
7.3 Luminosity Functions for Radio Galaxies
The determination of luminosity functions by compari­
son of computed and observed S - z arrays requires knowledge 
of redshifts for all radio galaxies and QSO's in samples 
complete to known flux density limits. Only 19 redshifts are 
known for the approximately 130 radio galaxy identifications 
of Chapter 3. However, the form of the optical luminosity 
function for radio galaxies suggests that it is possible to 
estimate redshifts for the remainder from their apparent 
magnitudes.
205
7.3 (i) Optical Luminosity Functions for Radio Galaxies
Sandage (1967) has shown that for radio galaxies,
plots of log z versus apparent magnitude (corrected for
aperture effect, K - dimming, and galactic absorption) show
a dispersion of less than one magnitude about a line with a
slope of 5. The relatively narrow optical luminosity function
which this implies permits rough estimates of redshifts from
apparent magnitudes alone»
Figure 7.1 is a diagram of log z versus (mpg)0 f°r
the 19 galaxies in the ±4° declination zone catalogue for
which redshifts have been measured. The values of (m ) havepg o
been derived from Miss Merkelijn's estimates of m withpg
corrections for galactic absorption of 0I?25cosec (b11) . (The 
coefficient 0^25 is intermediate between those suggested by 
Peterson (1969) and Shane and Wirtanen (1967).) The line
(mpg)0 = 22.0 + 5 log z - (7.4)
provides quite a good representation of this limited sample,
and the scatter is similar to that found by Sandage (1967).
If the correct absorption coefficient has been assumed, the
relation implies M = -21. Oil. 0 for H = 7 5  km. sec.'*' Mpc ■*".pg o
In using equation 7.4 to estimate the redshift, (m ) = 12mpg o
gives z = 0.010±.006, and (m ) = 20m gives z = 0.40±.15.pg o ^
There is an additional uncertainty in the use of 
equation 7.4 to estimate redshifts for the 2700 MHz galaxy 
identifications; the 19 galaxies in the sample above are
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exclusively from low frequency surveys. In §3.1 there are 
several cases in which the galaxy identified as the radio 
source is fainter than neighbouring galaxies which are 
obviously members of the same cluster. Thus the optical 
luminosity function for the radio galaxies of the 2700 MHz 
survey possibly contains an increased proportion of galaxies 
having lower optical luminosities. An overestimation of 
several of the redshifts may have resulted.
Figure 7.2 is the S - z array for galaxy identifica­
tions in the first two parts of the 2700 MHz catalogue. Some 
areas in the ±4° declination zone have been excluded because 
of possible absorption. The redshifts have been estimated 
from equation 7.4 with corrections for galactic absorption 
applied as described above. The array shown has been prepared 
for the A = 0, qQ = +1 geometry; the appearance of the 
steady-state diagram is similar.
7.3 (ii) Radio Luminosity Functions for Radio Galaxies
In the region of Figure 7.2 for which S2 7 QQ <  ^ f»u., 
the steady increase in population of the elements as redshift 
increases indicates that short of some universal miracle at 
the plate limit, considerable numbers of radio galaxies are 
required to populate the elements for redshifts greater than 
that corresponding to the plate cut-off. Moreover, if the 
unidentified sources in the flux density ranges corresponding 
to the columns of Figure 7.2 are considered, it is clear that
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qp = +1 m odel .  The f i l l e d  c i r c l e s  r e p r e s e n t  r a d i o  g a l a ­
x i e s  i n  t h e  c a t a l o g u e  f o r  t h e  - A 0  d e c l i n a t i o n  z o n e ,  some 
a r e a s  o f  which  have b e en  o m i t t e d  from t h i s  a n a l y s i s  
b e c a u se  of  p o s s i b l e  o b s c u r a t i o n .  The open c i r c l e s  r e p r e ­
s e n t  r a d i o  g a l a x i e s  i n  t h e  s e l e c t e d  r e g i o n  c a t a l o g u e s .  
QSO's w i t h  m easu red  r e d s h i f t s  a r e  shown a s  c r o s s e s .  The 
heav y  v e r t i c a l  l i n e  r e p r e s e n t s  t h e  c o m p le t e n e s s  l i m i t  f o r  
t h e  -4° zone s u r v e y .  The heav y  h o r i z o n t a l  l i n e  i s  a t  
( rapg )o =? 19*4 f o r  r a d i o  g a l a x i e s ,  t h e  a p p ro x im a te  l i m i t  
f o r  c o m p le t e n e s s  o f  o p t i c a l  i d e n t i f i c a t i o n  s e t  by  t h e  
p l a t e  c u t o f f .  The b o t to m  row c o n t a i n s  75$ o f  t h e  u n i d e n ­
t i f i e d  s o u r c e s  i n  e a c h  ra n g e  o f  f l u x  d e n s i t y .
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more than half of them must go to represent these distant 
radio galaxies for any reasonable RLF. There is thus strong 
support for the estimate of §5.6 which placed 75% of the 
unidentified sources in the radio galaxy category on the basis 
of spectral characteristics.
Figure 7.2 is evidently too sparsely populated in the 
region above the plate limit for any formal derivation of the 
2700 MHz RLF for radio galaxies. S - z diagrams were hence 
computed for various assumed RLF's and compared with 
Figure 7.2. In making the comparisons, the following two 
simple criteria were found to provide the severest constraints 
in deriving an acceptable RLF.
(1) The numbers in the elements of Figure 7.2 increase 
quite slowly towards the plate limit, and this requires a 
relatively flat initial (low-power) portion for the RLF, as is 
illustrated below.
(2) Assuming that (i) (mpg)Q = 19.4 (z = 0.314) 
represents the apparent magnitude to which galaxy identifica­
tions are complete as set by the Sky Survey plate limit, and 
(ii) 75% of the unidentified sources are distant radio 
galaxies, then the ratio of radio galaxies at z < 0.314 to 
those at z > 0.314 may be estimated as a function of flux 
density from Figure 7.2. This ratio plotted against 2700 MHz 
flux density is shown in Figure 7.3 (for A = 0, qQ = +1). The 
error bars represent statistical uncertainties due to sample 
size, and do not include possible errors due to the above
210
6 Xr
Figure 7.3. The ratio plotted against 2700 MHz flux 
density (f.u.) is described in detail in the text. The 
dots joined by the dashed line result from the S - z 
array computed using the RLF suggested by Petrosian for 
178 MHz with translation to 2700 MHz. The crosses 
jQined by the dashed lines result from the S - z array 
computed with the galaxy RLF of Figure 7.4. The diagram 
is for the Friedmann model (A = 0/ Qq = +1)•
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assumptions. The form of this diagram indicates that the RLF 
must steepen for radio luminosities higher than those corres­
ponding to the relatively flat initial portion required by 
criterion 1. Again this is illustrated in the following.
All trial computations to derive the 2700 MHz RLF for 
radio galaxies were carried out assuming a spectral index of 
1.0. As is shown in §5.5, this is a close approximation to 
the spectral behaviour of these objects at frequencies above 
2700 MHz. Moreover, if the 2700 MHz RLF for radio galaxies 
derived below is used with spectral indices in the range 0.6 
to 1.4 in computing S - z diagrams, the differences in the 
forms of these diagrams are insignificant in relation to the 
statistical uncertainties in comparing these with Figure 7.2.
A first approximation to an RLF for the 2700 MHz radio 
galaxies in the (A = 0, qQ = +1) geometry was obtained from 
the work of Petrosian (196 9) . He computed luminosities at 
178 MHz in this geometry for all 3C radio galaxies with 
measured redshifts. These were used to obtain a simple 
(178 MHz) RLF for these objects of the form
i|j(F) = ~aF + K log F± < log F < log F2 - (7.5)
where a and K are constants. This RLF was translated to 
2700 MHz by using the effective spectral index 
ot178-'>790 = ®°^8° A mean effective index very close to this 
value is obtained for radio galaxies from both the data of KPW 
and the data of Appendix IV. The values derived for the
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constants in equation 7.5 for this first approximation were 
a = 2.4, K = 28.18, log = 23.08, and log F2 = 27.58. A 
portion of the 2700 MKz S - z array computed with this RLF and 
geometry is shown in Table 7.1, and it is evident that neither 
criterion described above is satisfied. Furthermore, reducing 
the value of a to satisfy criterion 1 resulted in S - z arrays 
containing too many radio galaxies at large redshifts to 
satisfy criterion 2. Consequently it was necessary to abandon 
the simple form of equation 7.5 and to adopt RLF's which 
steepen with increasing luminosity.
Figure 7.4 indicates the result of a considerable
amount of further such comparison procedure. The RLF shown
for the A = 0, qQ = +1 geometry, meets both criteria quite well,
and has been normalized so that the number - flux density
relation computed from the S - z diagram passes through the
point N = 70.0, $2700 = for the galaxy source count of
Figure 6.13. A portion of the resulting S - z array is shown
in Table 7.2, and the dependence on flux density of the ratio
described above as criterion 2 is shown in Figure 7.3. The
23 -1cut-off at F2700 = ^  w * only an
approximation? galaxies "normal" or "intermediate" in radio 
power output, a few of which appear in Figure 7.2, are not 
represented by this RLF. The contribution of such objects to 
the source counts is insignificant and they are not considered 
further.
For the steady-state model an RLF very similar in form
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Radio galaxies, A = 0, q0=+l
Radio galaxies, steady-state
------- QSO’s (both models)
2700
Figure. 7.4. Radio luminosity functions derived 
at 2700 MHz for the two models of the universe 
considered.
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to that described above was found to approximate the 
steady-state analogue of Figure 7.2 quite well. This RLF is 
also shown in Figure 7.4.
In Figure 7.5, the A = 0, qQ = +1 RLF of Figure 7.4 
for radio galaxies has been transformed* to 173 MHz with the 
spectral index of 0.73. The RLF's derived by Petrosian (1969) 
and Longair (1966) (with modification by Caswell and Wills 
(1967)) are also shown. The latter, presented in steps of 
half radio-magnitude out to z = 0.01, has been converted to 
the form used herein. In comparison with the other two, the 
RLF derived in the present work is seen to be flatter in the 
region of the low luminosities, and to contain a much larger 
proportion of high luminosity radio galaxies. At galactic 
latitudes higher than 15°, the 3CR catalogue contains about 
150 sources identified with galaxies and some 38 unidentified 
sources (Sandage 1968b), many of which are likely to be distant 
radio galaxies (Bolton 1966) . Petrosian has derived an RLF 
for these by considering only the 66 radio galaxies for which 
redshifts were available to him. It is thus almost certain
* In this transformation, and in those subsequently mentioned, 
the form of the original RLF is retained, the limits and 
"break" points are shifted according to the effective index, 
and the normalization is such that integration of the function 
between luminosity limits yields the same volume density of 
the class of object as that given by the original RLF.
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-------- Petrosian (1969)
Caswell & Wills (1967)
Present work
Figure 7.5. A comparison of radio luminosity func­
tions by translation of the results of the present
work to 178 MHz.
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that his RLF is deficient in high luminosity objects. The RLF 
presented by Longair is a "local" or "present epoch" one, and 
provides the best fits to the source counts for the various 
types of evolution which he finds necessary to invoke.
Since he proposes evolution in power or density of a class of 
the most luminous sources, the local RLF is certain to contain 
a lesser proportion of such objects than the RLF derived in the 
present work. Conversely, because no evolution has been 
assumed, "local" or "present epoch" is implicit in the term 
luminosity function as used herein. If evolution is present, 
the procedures to obtain RLF's described above and by Petrosian 
are both erroneous, but each may be modified to produce present 
epoch RLF * s for any specified form of evolution.
In Chapter 5 it has been shown that between the 
frequencies of 178 and 2700 MHz, most radio galaxies have 
spectra which either obey power laws or steepen with increasing 
frequency. The few exceptions generally show low frequency 
cut-offs due (probably) to synchrotron self-absorption. In 
computing the S - z arrays at 178 and 2700 MHz, then, 3 types 
of spectra denoted as RG1, RG2, and RG3 have been considered as 
representing all radio galaxies. RG1 comprises all spectra 
which obey power laws or which steepen with frequency, while 
RG2 and RG3 are the spectral forms shown in Figure 7.6. The 
latter two spectra were derived by considering the spectral 
data on radio galaxies in the 2700 MHz catalogues for which 
spectra could not be classed as RG1. At 2700 MHz the
219
MHz
Figure 7.6. Spectral forms used in computa­
tion of the S - z arrays.
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dispersion in the high frequency spectra of galaxies in RG1 
has been represented by subdividing the class into 5 power law 
spectra with indices 0.6, 0.8, 1.0, 1.2, and 1.4. The RLF 
derived above for the 2700 MHz radio galaxies (Figure 7.4) is 
hence that for spectral class RG1, a = 1.0 alone. However, as 
noted previously, computation of the S - z arrays for all 
other spectral indices of RG1 indicated no significant 
differences in form. Above 2700 MHz the spectra RG2 and RG3 
are such that S - z arrays computed for them at 2700 MHz 
likewise showed no significant difference in form from that of 
Figure 7.2. Consequently S - z arrays for radio galaxies at 
2700 MHz were computed for these three spectral types using 
the same RLF's for each.
In computing the S - z arrays at 178 MHz, the RLF's 
were derived as follows. For spectral type RG1, the 2700 MHz 
RLF was translated to 178 MHz as described previously with the 
single effective index of 0.78 (see Figure 7.5). S - z diagrams 
at 178 MHz were then computed for subdivisions of RG1 into 
power law spectra with indices 0.4, 0.6, 0.8, 1.0, and 1.2.
Note that these subdivisions are shifted to smaller indices 
because of the shift to steeper spectra with increased frequency 
illustrated in Figures 5.4(a) and (b). Although many spectra 
in RG1 steepen in the frequency range 178 to 2700 MHz, little 
error is introduced by approximating the spectrum above 178 MHz 
by a power law in the present computations. This is due to the 
fact that in the range of flux densities considered here, the
221
computed arrays show very few galaxies beyond redshifts of 4. 
For observation at 178 MHz this redshift corresponds to a 
frequency in the radio source frame of less than 900 MHz; 
even the spectra of radio galaxies which exhibit pronounced 
steepening can be approximated quite well by power laws in the 
range 178 to 900 MHz. The RLF' s at 178 MHz for spectral 
classes RG2 and RG3 were derived from the 2700 MHz RLF in the 
same fashion as the RLF for RG1. Simple translations to 
178 MHz as previously described were used, the effective 
indices being directly obtained from Figure 7.6. S - z arrays 
at 178 MHz were computed as for the sub-classes of RG1.
All S - z arrays for 2700 MHz were computed for 
100 £ ^2700 - 0*10* and all those for 178 MHz for 
1000 < < 1.0. The normalizations of the arrays and their
subsequent combination to construct the number - flux density 
relations are described in §7.5.
7.4 Luminosity Functions for QSO's
7.4 (i) Optical Luminosity Functions for QSO's
It is well known that unlike the radio galaxies, plots 
of log z versus optical apparent magnitude for QSO's exhibit 
enormous scatter (e.g. Hoyle and Burbidge 1966, Longair and 
Scheuer 1967) . The formulation of optical luminosity functions 
to account for this scatter has proved to be difficult (Longair 
and Scheuer 1967). Schmidt (1968) has suggested a very broad 
optical luminosity function? Wall (unpublished calculations)
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finds such a luminosity function almost impossible to reconcile 
with the known distributions in redshift (Burbidges1969) and 
the relatively narrow apparent magnitude distributions 
obtained in the present work (Figure 5.9). If the cosmological 
interpretation of the redshift is to be retained, the 
implication of this result is similar to that mentioned by 
Longair and Scheuer? i.e. a dependence of luminosity on 
redshift in the sense that optical luminosities are required to 
be greater at earlier epochs.
In the present context the preceding discussion is 
relevant from two aspects which are interrelated. Firstly it 
emphasizes once again the principal problem posed by the 
QSO's - the interpretation of redshifts. The results imply 
either (1) a non-cosmological interpretation of the redshift, 
(2) a cosmological interpretation with some form of evolution, 
or (3) the presence of selection effects which have not been 
recognized. In deriving an RLF for the QSO's the cosmological 
interpretation has been adopted for two simple reasons;
(1) no non-cosmological interpretation presently suggested 
permits determination of an RLF, and (2) the results of §7.5 
suggest that some form of evolution is necessary even for the 
radio galaxies. Secondly the preceding discussion has 
illustrated that there is no hope of estimating redshifts from 
apparent magnitudes as was done for the radio galaxies. The 
2C redshifts obtained for the QSO's in the first two parts of 
the 2700 MHz catalogue provide a very sparsely populated
223
S - z diagram for RLF determination.
7.4 (ii) Radio Luminosity Functions for QSO's
The 28 QSO's with measured redshifts are shown in the
S - z diagram for the A = 0, q = +1 geometry in Figure 7.2.o
The sample should be representative of QSO's catalogued at 
2700 MHz in terms of redshifts and flux densities. The very 
limited data appear to indicate that two simple criteria which 
must be met for an RLF to be considered satisfactory are 
(1) an even distribution across the band in the S - z diagram 
where the QSO population appears, and (2) an approximate 
cut-off throughout the diagram at redshifts of ^2.5. The 
luminosity function shown in Figure 7.4 meets these criteria 
quite well. It was obtained by comparison of computed S - z 
arrays with Figure 7.2 on the assumption of a high frequency 
spectral index of 0.6, and normalized so that the number - flux 
density relation derived from its S - z diagram passed through 
the point N = 43.0, ^2100 ~  f.u. on the QSO log N - log S
curve of Figure 6.13. A portion of the resulting S - z array 
is shown in Table 7.3. An S - z diagram computed for the 
steady-state model with the same RLF provides a satisfactory 
representation of the QSO data in the steady-state analogue 
of Figure 7.2.
The width of the RLF derived indicates that there 
should be considerable scatter in the plot of log z versus 
S27O0° r^*1:‘-3 has been found by Bolton and Wall, and the
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diagram for the 28 objects in the present sample is shown in
Figure 7.7. The disturbing feature, however, is that any RLF,
in the absence of evolutionary effects, will predict increasing
numbers of high redshift objects at the lower flux densities.
If the RLF derived above is even a first approximation, then
it is difficult to understand why redshifts >3 have not been
found among firadio**quiet:i QSO's.
For the present calculations, 16 spectral classes
have been adopted to represent the wide variety of spectral
forms exhibited by QSO's. Five of these are power laws
(Ql, Q2, Q3, Q4, Q5? a = 0.2, 0.6, 0.8, 1.0, 1.2) from 178 MHz
to (1 + z ) x 2700 MHz, where z is the highest redshift max ' max 3
contributing to the count at the lowest level of flux density 
considered. Q6 and Q7 are the same as RG2 and RG3 (Figure 7.6)? 
the remainder (Q3 to Q16) are illustrated in Figures 7.8 and 
7.9. Spectral types Q6 to Q16 have been obtained by dividing 
the radio sources with non - power law spectra in Figure 4.4 
into groups of similar form, and assuming all the sources in 
Figure 4.4 not identified with galaxies to be QSO’s with 
z » 1.0.
The question arises as to whether all these spectral 
types should have the same RLF at 2700 MHz. When each of the 
IS spectra is normalized to the same flux density at 2700 MHz
5and then integrated from 10 to 10 MHz, a variation in 
"bolometric radio luminosity" by a factor of only 5 is obtained. 
Hence the 2700 MHz flux density represents quite a good estimate
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Figure 7.8. Spectral forms used in computa­
tion of the S - z arrays.
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of the ,:bolometric radio luminosityt:, and there appears to be 
little justification for any assumption other than that of the 
same RLF at 2700 MHz for each spectral class. The very limited 
amount of data from which the original RLF was derived further
• i
indicates that any other assumption would be pure speculation.
The RLF's at 173 MHz for each spectral class of QSO 
have been obtained by translation of the single 2700 MHz RLF
•r **•
to 178 MHz with the effective index a^73_2700 aPProPr^ate to 
each spectral class. For the non - power law classes, these 
effective indices have been obtained directly from the spectral 
forms shown in Figures 7.6, 7.8, and 7.9.
The S - z arrays at 2700 and 178 MHz for the 16 
assumed QSO spectral classes were computed with the RLF’s 
derived above. The normalizations appropriate to the combina­
tion of all the QSO and galaxy arrays at each frequency are 
now introduced, and the resulting number - flux density 
relations are discussed.
7.5 The Computed Number - Flux Density Relations
The 2700 MHz S - z arrays for both radio galaxies and 
QSO!s have been normalized so that the sums of the contributions 
from each spectral class give the source densities at 
S2700 = which are indicated by the counts of these
objects in Figure 6.13. For the radio galaxies this source 
density is 70.0/sr.; for the QSO's it is 43.0/sr. The 
normalization has been carried out in the following manner.
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The relative proportions in each spectral class of the radio 
galaxies and the QSO's have been derived from the spectral 
statistics of Chapters 4 and 5, and are shown in Tables 7=4 
and 7.5. These proportions were then converted to correspon­
ding source densities which the integrated source count of 
each S - z array was required to produce at S2700 = ^«94 f.u., 
and each of the arrays was scaled accordingly. The counts 
resulting from each array were summed to obtain the complete 
number - flux density relations for QSO's and radio galaxies 
at the frequencies of 178 and 2700 MHz, and these are now 
discussed.
The dashed curves shown in Figure 6.13 represent the 
2700 MHz number - flux density relations computed for QSOJs 
and radio galaxies in the A = 0, qQ = +1 universe. For both 
classes of object, the agreement is very poor. There is 
agreement between the computed curve for the radio galaxies 
and the radio galaxy counts with no unidentified sources added, 
but it must be regarded as purely fortuitous. The arguments 
of §5.6 and §7.3 indicated that ^75% of the unidentified 
sources must be galaxies beyond the plate limit, and the RLF 
from which the computed curve was derived was based on this 
hypothesis. Furthermore, the transfer of many of the uniden­
tified sources to the QSO class serves only to increase the 
divergence between calculation and observation which is 
apparent in Figure 6.13.
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TABLE 7 . 4 PROPORTIONS OF RADIO GALAXIES IN EACH SPECTRAL CLASS
Spectral Class Proportion in Contribution to Count
Spectral Class at S2’7q() ~ f.u.
(%) (N/sr.)
RG1 94.9 66.4
a = 0 „ 6 17.3
0 o 8 31.0
1.0 27.6
1.2 13.S
1.4 5.2
RG2 1.7 1.2
RG3 3.4 2.4
94.9 100.0 70.0
TABLE 7,5 PROPORTIONS OF QSO's IN EACH SPECTRAL CLASS
Spectral Class Proportion in Contribution to Count
Spectral Class at = 0.94 f.u.
(%) (N/sr.)
Ql (a = 0.2) 6.3 2.9
Q2 (a = 0.6) 10.0 4.4
Q3 (a = 0.8) 10.5 4.5
Q4 (a = 1 o 0) 3.4 1.5
Q5 (a = 1.2) 0.9 0.4
QS (RG2) 4.8 2.0
Q7 (RG3) 7.0 3.0
Q8 6.3 2.9
Q9 6.8 2.9
Q10 6.8 2.9
Qll 6.8 2.9
Q12 6.3 2.7
Q13 7.4 3.2
Q14 3.2 1.4
Q15 6.9 3.0
Q16 5.3 2.3
99.7 42.9
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The poor agreement found on completing the calcula- 
tions for this geometry led to the calculations for the 
steady-state model being carried no further than the determina­
tion of RLF' s (§7.3; 7.4). Figure 7.10 illustrates why. With 
a spectral index of 1.0, the radio galaxy S - z array computed 
at 2700 MHz for each model yields the integrated number - flux 
density relations (normalized to (70.0, 0.94)) shown in this 
diagram. It is apparent that the steady-state RLF for radio 
galaxies which contains increased numbers of high luminosity 
sources (Figure 7./l) conspires with the geometrical effects to 
produce a count which is considerably flatter than that of the 
A = 0, = +1 model. The QSO relations (computed for indices
of 0.6 and normalized to (43.0, 0.94)) diverge only at the 
lowest source densities, but again in the sense that the 
steady-state model exhibits the flatter slope. Hence the poor 
agreement between computation and observation for the A = 0, 
qQ - +1 geometry which is evident in Figure 6.13 indicates that 
even worse agreement would result for the steady-state model.
In Figure 7.11 the number - flux density relations 
computed at 2700 MHz (in the A = 0, qQ = +1 geometry) for the 
radio galaxies and QSO's have been summed to produce the 
composite relation. The observed number - flux density 
relation (Figure 6.1) is shown for comparison. In Figure 7.12 
the same number - flux density relations are illustrated for 
178 MHz - those computed for radio galaxies and QSO's, their 
sum, and that obtained from observation by Gower (1966) . In
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Figure 7.11. The number - flux density relations computed 
from the 2700 MHz S - z arrays. The dashed line is the 
solid line of Figure 6.1r the observed number - flux density 
relation.
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Figure 7.12. The number - flux density relations com­
puted from the 178 MHz S - z arrays. The dashed line is 
the observed number - flux density relation derived by 
Gower (1966) .
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each diagram the difference between computation and observation 
is so large that no change in normalization of the calculations, 
or statistical fluctuation of the observed counts,, can possibly 
reconcile them*
There are three methods by which it might be possible 
to derive steeper number - flux density relations in these two 
model universes considered«,
(1) A different value for the Hubble constant may be 
assumed. However, some trial computations for Hq = 50 and 
125 km sec.'*' Mpc  ^ indicated that only minor changes in the 
above results could be so derived,
(2) Suppose that the classes “radio galaxies and ':QSO's,! 
are in fact composed of a large number of sub-classes of 
object which are not related. Suppose further that each of 
these classes has its own RLF and spectral form. Then the 
added constraint of having to treat each computed element of 
the S - z diagram as a discrete number of sources rather than 
as a probability as has been assumed here will lead to an 
initial steepening of the computed number - flux density 
relation, Qbservationally the effect is that of having to 
survey down to a particular flux density before counting the 
first source of each sub-class, and the result is an initially 
steep source count. However, it appears probable that all 
objects classed as radio galaxies and as QSO’s belong to the 
same population, and indeed that some form of evolution may 
relate QSO's and radio galaxies. The effect must nevertheless
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produce an initially steep portion of the observed count? it 
is hard to see how to treat this in the calculations, but 
likewise hard to see how it can be of significance at source 
densities above 10 or 20 per steradian.
(3) Hoyle and Narlikar (1961, 1962) invoked a "hierarchal" 
concept of the steady-state universe in which large scale 
condensations of different generations are postulated. They 
showed that in such a model a particular observer may obtain 
a source count in which the initial portion is considerably 
steeper than that computed from the conventional steady-state 
model. The average source count of observers spread throughout 
the universe, however, is that of the conventional steady-state 
model. The model appears to have been constructed solely to 
explain the source counts, and this seems to have contributed 
more to the general lack of acceptance than any direct attack.*
* A direct attack has been made by McVittie (1965) who states 
that the concepts appear to contradict the basic assumption of 
the steady-state theory, namely that all positions in space 
are at all times indistinguishable from one another. The 
applicability of the assumption to any point is evidently a 
matter of degree? the same assumption (with the omission of 
the phrase "at all times ') is also basic to all other uniform 
model universes. McVittie also states that "Hoyle and 
Harlikar's treatment has still to be supplemented by the 
discovery of the metric of a space - time in which the material 
is distributed irregularly in space." On this argument, the 
presence of "island universes" unfortunately rules out all 
cosmological models which are based on the Robertson-Walker 
metric.
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Scheuer (1968) pointed out that the astrophysical framework
for the model was based on the "hot universe" (kinetic
9 otemperature of ^10' K. for the intergalactic plasma) which is 
now no longer accepted (see, e.g. Field and Henry 1964). If 
a similar model (from the point of view of radio source counts) 
could, be derived in a 'cooler" universe, the following 
consideration indicates that the present results would not 
support it. The calculations of Hoyle and Narlikar (1962) 
showed that the "fluctuations" in the initial portion of the 
slope which enable some observers to derive steep source counts 
diminish at redshifts >0.3. The S - z tables calculated for 
both QSO's and radio galaxies at 2700 MHz indicate that the 
greatest contribution to the counts for source densities above 
100/sr. is from redshifts >0.3; and it is this region of the 
count for which complete incompatibility with observation is 
present.
Some additional cosmological models are briefly 
considered in relation to the source counts in the final 
section of this chapter. The dependence of spectrum on flux 
density (computed versus observed) is first discussed.
7.6 The Dependence of Spectrum on Flux Density
In the previous chapter it has been shown that an 
apparent difference in the initial slopes of the number - flux 
density relations at 178 and 2700 MHz is mostly due to a 
dependence of the spectrum of the QSO's on 2700 MHz flux
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density. One of the few points of agreement between observa­
tion and the computations described above is that the calcula­
ted number - flux density relation for 173 MHz does have a 
steeper initial portion than does that for 2790 MHz. However, 
the result is not caused by the dependence of spectrum on flux 
density for any class of object? it is due to the greater 
contribution of the QSO's to the 2700 MHz source counts, which 
in turn results from the spectral selection effect of survey 
frequency. At both frequencies the number - flux density 
relations computed for the QSO's are flatter than those for the 
radio galaxies because the generally greater redshifts of these 
objects increase the severity of the geometrical effects.
As a first step in examining whether the computations 
indicate the spectral dependence in flux density for QSO's 
which was discussed in §6.7, the number - flux density 
relations computed for these objects (Figures 7.11 and 7.12) 
were compared. At source densities above 10/sr. they are 
identical in form? at lower source densities the 178 MHz 
relation is slightly flatter. The agreement in form appears 
surprising on first consideration because the relation computed 
at 178 MHz is dominated by those QSO's whose spectral types 
have the largest effective indices between 178 and 2700 MHz. 
These spectral classes should tend to flatten the computed 
count over that of the 2700 MHz computation because of the 
increased "K - dimming” effect for such spectra. However, 
examination of the spectral types indicates that for most of
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them, at redshifts of ^lo0 or less the "K - dimming" at 
2700 MHz will be in the same sense because the frequency of the 
peak in the spectrum has been surpassed. It is clear that the 
curves do not indicate a significant change in the effective 
index for the flux density ranges of $2700 1-01 f.u. and
0.64 <_ S2700 < f*u - which were considered in §6.7.
The lack of dependence of effective index ai73_?7Q0 
on flux density at 2700 MHz which is indicated for the QSO’s 
by the computations may be demonstrated directly. The 
"observed" effective indices for each QSO spectral class were 
first obtained from Figures 7.6, 7.8, and 7.9 on the assumption 
of a redshift of unity for each object. The two ranges in flux 
density chosen for comparison were $2700 — ^*—  f.u., and 
0.46 <_ S2700 < f-u. The 2700 MHz S - z array computed
for each spectral class was used to determine the ratio of 
sources (summed over all contributing redshifts) in each of 
the two ranges of flux density. The solid line of Figure 7.13 
shows the distribution in effective indices for sources of
2700 0.94 f.u. when the spectral classes are combined in the
proportion of Table 7.5. T7hen the different ratios derived 
above are used to compute the equivalent histogram for the 
lower range in flux density, the resultant distribution, shown 
by dots in Figure 7.13, is virtually identical. Examination 
of the individual S - z arrays indicates that the assumption of 
a single redshift of unity in determining the apparent 
effective index for each class of object does not invalidate
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-----S >.94 f.u.
--- 0-46 < S <  -942 700
Observed for S2700
-0-8 -0-4
a i78-2700
Figure 7.13. The distributions in effective indices for 
QSO's in different ranges of 2700 MHz flux density from the 
combination of computed S - z diagrams in the proportions 
given by Table 7.4.
242
the resulto The distribution in effective indices for the 
QSO’s for which > 1.01 f.u. in the present sample has
been added to Figure 7.13 to illustrate the reasonably good 
agreement with the estimated proportions of the spectral types.
(That possible changes in spectrum might be observable 
at different levels of flux density was first suggested by 
Conway, Shakeshaft, and Whitfield (1960) . Calculations were 
carried out by Stewart (1967) for a frequency of 178 MHz. He 
assumed power law spectral indices with a Gaussian distribution 
characterized by a = 0.75, a = 0.20, similar to that found for 
the stronger sources catalogued at 173 MHz. A hyperbolic 
universe was used (density parameter = 0.2, qQ = +1.8,
„ -  . „25 ,„26 , „27 , ,„23 . -1of powers Fj.78 “ 10 , 10 ,10 , and 10 w. hz
A < 0), and the calculations were made for individual sources
A similar
calculation has been carried out with the present computational 
technique for the flux density range 0.1 £ S-^g f. 100.0 
S - z arrays were computed for spectral indices 0.3 to 1.4 in 
steps of 0.1, and scaled to represent the Gaussian distribution
described above at S173 100 f.u. Two different RLF's were
useds that obtained from Petrosian's (1969) data, and that
derived in §7.3 with translation to 178 MHz. The A = 0, q = +1o
geometry was assumed, and the distributions resulting at the 
lower flux densities were obtained directly from the scaled 
S - z arrays by summing the columns (which represent narrow 
ranges in see §7.2) at various flux densities down to
0.1 f.u. The results for the two RLF's are virtually identical
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and agree with Stewart's only in that no change in dispersion 
was found. The change in mean spectral index with flux density 
in both investigations is shown in Figure 7.14. The present 
work is seen to result in far less dependence of the mean index 
on flux density, and this must be due to the use of luminosity 
functions and a different (possibly more acceptable) geometry.
It is self-evident that unless the computations can 
reproduce the observed source counts, any prediction of 
spectral dependence on flux density is of academic interest 
only. The failure of the present computations in this respect 
has been discussedr Stewart makes no explicit statement but it 
is difficult to see how his calculations can be any more 
successful.)
A spectral dependence of the QSO's on flux density at 
2700 MHz thus cannot be explained by redshift selection effects 
in non-evolutionary universes. Moreover, the lack of correla­
tion of flux density with redshift (if these are interpreted as 
cosmological in origin) implies that there is no correlation 
between flux density and luminosity distance, and consequently 
no correlation between spectral form and luminosity distance. 
Such a correlation might be expected if certain forms of 
evolution were to be invoked.
To examine the question further, the "bolometric 
radio luminosities" for 24 QSO's in the 2700 MHz catalogue for 
which redshifts and spectral data were available have been 
computed. These luminosities have been obtained by integrating
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the spectrum (blue-shifted to the source frame), and assuming 
the A = 0, qQ = +1 geometry and the redshifts to be cosmologi­
cal in nature. Weak correlations were found between this 
luminosity and both high and low frequency spectral indices 
(arTp3 aLF? see §5°l)c These correlations then imply (because 
of the correlation of spectrum with flux density (§6.6, 6-7)) 
that there might be a further correlation between the observed 
2700 MHz flux density and radio luminosity. The diagram is 
shown in Figure 7.15, and the anticipated correlation appears 
to be present. If there is a real cut-off at z = 2.4, then a 
45° line bounds the upper left of the diagram, the position of 
this line depending on the spectral type assumed in its 
computation. A horizontal line indicating maximum radio power 
must provide the upper boundary to the diagram. Because of the 
greater volumes which correspond to the larger redshifts the 
population of the diagram will tend to increase towards the 
region in which the boundary lines for the various spectral 
types appear. In this manner the weak correlation may be 
obtained, and the dependence of the spectral form of QSO's on 
the 2700 MHz flux density is explained.
In physical terms, the argument runs as follows. A 
broad 'bolometric RLF is confined to a relatively narrow range 
in luminosity distance. The most luminous sources (which have 
the “'flattest ' spectra) then become the apparently brightest, 
and correlation between spectrum and flux density is effected.
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The spectrum - flux density correlation for the QSO's 
(with the assumption of the cosmological nature of the 
redshifts) seems to indicate as strong an argument against the 
uniform models on which the calculations were based as do the 
source counts themselves.
7.7 Conclusions from the Present Analysis
The difficulty of interpretation of the number - flux 
density relations observed at low frequencies in uniform models 
of the universe without invoking evolution has been demonstrated 
in analyses by several authors (see, e.g., the reviews by 
Scheuer (1968) and Ryle (1968)). However, the acceptance of 
evolution on the basis of these analyses has not been universal 
(e.g. Hoyle 1968/ Bolton 1969). Moreover, the probable change 
in form of the number - flux density relation at 2700 MHz, 
together with dramatic changes in spectral and identification 
content, indicated that the results obtained in the low 
frequency analyses were not necessarily valid at 2700 MHz, and 
that selection effects of some form possibly had been over­
looked o
The foregoing analysis which has used all sources in 
the 2700 MHz surveys in deriving RLF1s, and which has taken 
all spectral types of each class of identification into 
consideration, indicates that the difficulty persists. That 
this would prove to be so was evident as soon as the RLF's of 
§7.3 and §7.4 were derived; the 2700 MHz catalogues appear to
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contain a greater proportion of high luminosity objects than 
the low frequency catalogues, and geometrical effects are 
consequently more severe.
The geometrical effects may be somewhat reduced in 
Friedmann models with A = 0 by decreasing qQ . With qQ as 
large as +1, the value favoured by Sandage (196 8c), the problem 
of "missing mass" is serious - there is over an order of 
magnitude between the density of observed matter and the 
density of matter required to "close" the universe. A much 
more drastic assumption in terms of the geometry is to assume 
the cosmological constant ^ 0. For instance, Petrosian (1969) 
has shown how it is possible to derive steep initial portions 
for number - flux density relations due to the geometrical 
effects in a Lemaitre universe. Such a universe has a 
cosmological constant slightly larger than the critical value 
which produces the static Einstein model, and evolves through 
a quasi-static period. Petrosian finds, however, that some 
evolution in his model is still required, and it is not clear 
how he accounts for the relatively rapid turnover of the 
number - flux density relation revealed by the 5C surveys.
If evolution is implied by the observed number - flux 
density relation, it seems almost certain from the computations 
that both the radio galaxies and the OSO's must partake in it. 
Schmidt's analysis (1968) for 33 OSO's in the 3CR catalogue 
indicated strong density evolution, but the same analysis
carried out by Miss Harris (1969) for 27 QSO's in the Parkes
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(408 MHz) catalogue produced the opposite result, an apparently 
uniform distribution of these objects in space. Luminosity 
evolution is indicated by the forms of the redshift and 
apparent magnitude distributions as discussed in §7.4. A 
form of luminosity evolution with some assumption of spectral 
dependence on source age might also be devised to obtain the 
dependence of spectrum on flux density found for the QSO's.
In this regard it is commonly and not unreasonably 
presumed that scheme of evolution for the individual radio 
source is from a compact "flat spectrum" object to an extended 
"steep spectrum" object. It follows that if the form of the 
source count is largely governed by evolutionary effects (as 
various analyses including that herein seem to indicate), then 
one might expect the bias of a high frequency survey towards 
the detection of objects of flatter spectra to result in a 
number - flux density relation for such a survey revealing 
greater evolutionary effects than the lower frequency 
counterparts. That such is not the case is evident from the 
results of the preceding chapter. In particular, it is 
apparent that the source count for the "flat spectrum" objects 
(which when identified are predominantly QSO’s) are flatter 
than the counts for the "steep spectrum" objects.
The superposition of geometrical effects on evolution­
ary effects might explain this result if the "flat spectrum" 
sources occupied a larger volume of space than the "steep 
spectrum" sources. The division of QSO’s into two classes on
250
the basis of "flat'1 or "steep" radio spectrum results in 
apparently identical distributions of redshiftc If redshift 
is indicative of distance, then as noted in the previous 
section, the same volume of space is occupied by sources of 
each spectral type. A steeper count for the "flat spectrum" 
objects would be expected both on the basis of the evolutionary 
argument and on the basis of a reduced radio "K - dimming1.
A paradox appears to be unavoidable if the redshift is entirely 
cosmological in origin.
It is concluded that the observed, number - flux 
density relations indicate three possibilities; (1) evolution 
of some form for both radio galaxies and QSO's (if redshifts of 
the latter are cosmological in origin), (2) the presence of 
selection effects which are not recognized at this stage, or 
(3) fundamental errors in the formulation of cosmological 
theory as it is presently accepted.
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CHAPTER 8 
CONCLUSION
8.1 Results of the Present Investigation
The results of the investigation described in this 
thesis may be summarized as follows?
(1) Catalogues of extragalactic radio sources have been 
obtained from 2700 MHz surveys of 0.77 sr. in the +4° to ~4° 
declination zone, and of 0.075 sr. in 6 selected regions. The 
former, complete to 0.35 f.u. at 2700 MHz, contains 500 sources 
of which 120 do not appear in previously published catalogues. 
The latter, complete to 0.10 f.u. at 2700 MHz, contains 310 
sources of which 240 do not appear in previously published 
catalogues.
(2) Accurate positions measured for all catalogued 
sources have enabled complete statistics on optical identifi­
cations to be obtained. Identifications have been suggested 
for approximately 80 additional radio galaxies and 105 
additional QSO's. The identifications and suggested identifi­
cations are divided equally among the QSO's and radio galaxies? 
in the 3CR (178 MHz) survey, the ratio of QSO's to radio 
galaxies is about 1?4.
(3) Investigation of the spectra of about 350 of the 
sources catalogued has indicated that this dramatic change in 
identification content from the lower frequency surveys is 
paralleled by a similar change in spectral content. About half
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of these sources show spectra which cannot be described by a 
single power law between 178 and 5009 MHz, This 50% is 
comprised of some 25% having spectra which steepen with 
increasing frequency, 15% having spectra showing low frequency 
cut-offs, and 10% having spectra which indicate the presence 
of at least two components, one of which exhibits self-absorp­
tion, Among the latter 25%, there are very few sources for 
which the frequency of maximum flux density is higher than 
5000 MHz, Moreover, identifications among this 25% are almost 
exclusively QSO's, The clear distinction between the radio 
spectra of QSO's and radio galaxies as classes indicates the 
reason for the change in identification content with survey 
frequency, and the present results permit this distinction to 
be used in predicting the identification content of surveys at 
other frequencies. It may likewise be used to establish the 
fraction of unidentified sources which belong to each class of 
identification;,’ the present analysis suggests that of the 
unidentified sources in the 2700 MHz catalogues for which 
S2700 — some 25% are QSO's beyond the plate limit of
the Sky Survey, while the remainder are distant radio galaxies. 
The spectral investigation has also indicated that 
several of the newly discovered sources are variable or 
suspected to be variable at centimeter wavelengths, A further 
result is a remarkable dependence of the spectrum of the QSO's 
on flux density in the sense that the proportion of those 
exhibiting flat or inverted spectra is greater among the sources
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having higher flux densities at 2700 MHz.
(4) The 2700 MHz number - flux density relation has a
slope in the range of source densities 50 to 2500/sr. of about 
-1.45. It is suggested that at the high frequencies the 
number - flux density relation does steepen at the low source 
densities, but that this steepening takes place either to a 
lesser extent or at lower source densities than that of the low 
frequency relations. The classification of the unidentified 
sources on the basis of their spectral characteristics 
indicates that the Q30 number - flux density relation is 
flatter than that of the radio galaxies at 2700 MHz. The change 
in form of the composite number - flux density relations with 
frequency is then the result of two effects; (1) the spectral
selection due to survey frequency which implies increasing 
proportions of QSO’s as survey frequency is raised, and (2) the 
dependence of the spectrum of the QSO’s on flux density as 
mentioned previously. The latter is the more important.
(5) Preliminary computations to construct number - flux 
density relations in uniform model universes indicate that if
no evolution is assumed, difficulties in reconciling the 
observed relations at 2700 MEz with those calculated are severe, 
and are similar to those encountered in previous investigations 
of the low frequency counts. The computations have been 
carried out with a simple and versatile technique enabling the 
incorporation of any geometry, type of evolution, radio 
luminosity function, or radio spectrum. In the calculations,
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radio luminosity functions have been derived for both the QSO’s 
and radio galaxies catalogued in the 2700 MHz survey, and the 
number - flux density relations obtained by considering all 
spectral types for each identification class in the proportions 
found from the analysis of the spectral data. In addition to 
the poor agreement with the observed number - flux density 
relations, the computations indicate nc dependence of spectrum 
on flux density of the order of that observed for the QSO’s in 
the 2700 MHz catalogue. A cosmological interpretation of the 
redshifts of QSO’s has been assumed; if this is in error, the 
difficulty of reconciling the calculated number - flux density 
relations for radio galaxies with the observed relation 
persists. If the QSO’s are at the distances implied by their 
redshifts, then there are three possibilitiess (1) evolution 
in some form for both radio galaxies and QSO’s? (2) the 
presence of selection effects which are not recognized at this 
stage? or (3) fundamental errors in the formulation of 
cosmological theory as it is presently accepted.
8.2 Lines of Further Investigation 
8=2 (i) Radio Observations
(1) Flux densities at frequencies higher than 
5000 MHz clearly are desirable for many of the sources whose 
spectra are illustrated in Figure 4.4= The sources suggested 
as variable should be incorporated into monitoring programmes 
at Parkes and other observatories as quickly as possible in
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order to obtain the best possible temporal and spectral 
resolution»
(2) The apparent dependence of QSO spectrum on flux 
density at 2700 MHz warrants considerable further investiga­
tion. In particular, low frequency flux densities of greater 
accuracy for many of the sources in the 2700 MHz catalogues 
which have not been detected in other sky surveys should be 
obtained. A source - by - source comparison with results from 
the Molonglo Cross of the University of Sydney will prove of 
great interest in this regard.
Measurement of the flux densities at 5000 MHz should 
be carried out for QSO's in the present catalogues with flux
densities less than S^nnn = 0.40 f.u. to see if the trend of.i /u u
Figure 6.11 continues to still lower intensity levels.
(3) The 2700 I4Hz number - flux density relation 
derived in Chapter 6 requires extension to both higher and 
lower source densities. The southern surveys being carried 
out by A. J„ Shimmins will help in the latter regard. For the 
higher source densities, it appears that with care, the count 
could be directly extended to approximately 10^/sr. at 2700 MHz 
using the Parkes telescope. With some form of P(D) analysis 
(see Appendix I), estimates may be possible for a further 
order of magnitude in source density. If the form of the 
relation can be established in the region of source densities 
where the Cambridge 5C survey results (408 MHz) illustrate 
significant flattening, then comparison should prove of
2 SC-
considerable interest from the point of view of further 
analyses of the cosmological implications of source counts»
8 »2 (ii) Optical Observations
(1) Many of the QSO's discovered in the present work 
are of bright enough apparent magnitude for optical spectra to 
be obtained» Additional redshifts for the QSO’s in the
2700 MHz catalogues will illustrate how the radio luminosity 
functions derived in §7.4 should be modified to conform with 
reality. If such redshifts are obtained for a sample from the 
2700 MHz catalogue complete to optical and radio intensity 
limits, an analysis of spatial distribution as performed by 
Schmidt (1968) for the 3CR QSO’s would be possible. (Note 
that accurate photometry is also required). The results would 
be of particular interest because all spectral types of QSO’s 
would be represented as opposed to a sample containing only 
QSO’s with relatively steep spectra, as selected by the low 
frequency of the 3C survey.
If the redshifts of QSO's are not cosmological in 
nature, these analyses have no significance. It is still 
possible that additional spectra for QSO’s may provide the 
evidence on how the redshifts are to be interpreted.
(2) It has been mentioned that if the source counts 
are accepted as indicating evolution, then both radio galaxies 
and QSO’s probably partake in that evolution. Moreover, 
examination of the S - z diagrams of the previous chapter
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indicates that such evolution may be significant at redshifts 
of 0.5 or less. The most luminous elliptical galaxies (those 
of M < -20^0, some 7% of which are radio galaxies according to 
Rogstad and Ekers 1969) are visible out to redshifts of ^0.4 
with the largest reflectors. It therefore seems reasonable to 
propose that evolutionary effects should be detectable in the 
optical region of the electromagnetic spectrum if they are 
present to the extent that observations in the radio region 
suggest.
8.2 (iii) Theoretical Investigations
(1) The relative numbers of all spectral types which 
this investigation has established should enable some refine- 
ment of current theories of source evolution. A particular 
aspect requiring investigation is the great range in expansion 
velocities shown by source components which exhibit synchrotron 
self-absorption. It may prove possible to account for the 
observations by making modifications to the expanding cloud 
theory which incorporate (i) different mechanisms of injection 
of the relativistic electrons which have finite time scales,
(ii) different structures for the sources, or (iii) possible 
mechanisms of confining the optically thick plasmas. The 
observation that the most stable sources exhibiting self­
absorption show no additional component having a simple power 
law spectrum must be a significant datum in this regard.
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(2) If the results of Chapter 7 are accepted as 
indicative of cosmological evolution, then it is possible to 
carry out an investigation in which reasonable forms of this 
evolution are assumed. The constraints provided by the present 
observations are stringent? the forms of the number - flux 
density relations for each class of identification at both low 
and high frequencies must be accounted for, and the dependence 
of 0S0 spectrum on flux density must be explained. The 
technique described in Chapter 7 provides a simple framework in 
which to attempt such an analysis.
The results of this project imply that the ‘'astro- 
physicaland “cosmological“ aspects of the studies of radio 
source populations mentioned in the opening paragraphs of this 
thesis are in fact strongly interrelated. It is apparent that 
detailed surveys of the radio sky still have something to tell 
us of both.
* * *
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APPENDIX I
CONFUSION EFFECTS AT 2700 MHZ
An a n a l y s i s  o f  t h e  c o n fu s io n  e f f e c t s  due to  backg round  
s o u r c e s  h a s  been  c a r r i e d  o u t  by von H oe rn e r  (1 9 6 1 ) .  He 
assum ed no c l u s t e r i n g  o f  th e  b a ck g ro u n d  s o u r c e s ,  and  so u rc e  
c o u n ts  o f  th e  form  shown i n  F ig u r e  A I . l .  These c o u n ts  ta k e  
two f o rm s ;
( i )  a s t r a i g h t  lo g  N -  lo g  S to  i n f i n i t e l y  sm a l l  f l u x  
d e n s i t i e s ,  and
( i i )  a s t r a i g h t  lo g  N -  l o g  S to  w i th  no s o u r c e s  o f
f l u x  d e n s i t y  S < S ^ m. Under t h e s e  a s s u m p t io n s  he showed 
th e  t o t a l  s t a n d a r d  d e v i a t i o n  o f  th e  b ackg round  to  be
(  y
y  ^ o °dS
y
J s H
w here t h e  low er  l i m i t  o f  t h e  i n t e g r a l  i s  z e ro  f o r  so u rc e  
c o u n ts  o f  fo rm  ( i )  above , and  f o r  th e  c o u n ts  o f  form
( i i ) ,  SQ i s  t h e  lo w e r  l i m i t  o f  f l u x  d e n s i t y  to  w hich s o u r c e s  
a r e  t o  be m easu red , (~y) i s  th e  s lo p e  o f  th e  lo g  N -  lo g  S
c u r v e  and y i s  th e  number o f  beam a r e a s  p e r  s o u r c e  o f  f l u x
d e n s i t y  > S .— o
The term  " c o n fu s io n  l i m i t "  s u f f e r s  from  a m u l t i t u d e  o f  
d e f i n i t i o n s .  The one a d o p te d  h e r e  i s  s con f  = AS, i . e .  th e  
f l u x  d e n s i t y  o f  a s o u rc e  a t  th e  c o n f u s io n  l i m i t  i s  th e  same 
a s  th e  s t a n d a r d  d e v i a t i o n  o f  th e  b a c k g ro u n d .  The r e s u l t s  on 
e v a l u a t i n g  th e  i n t e g r a l  ( a f t e r  von H oerner)  f o r  SQ = AS a re
A2
2-Y “
y = y 1 _ Slim
2~y So ,
V 2 ln
Slim 
i )
Y < 2
Y = 2
Calculation of y for the source counts of Figure AI.l yields
the values in Table AI.l.
TABLE AI.1
BEAM AREAS! PER SOURCE (y) AT CONFUSION LIMIT
S°/SU m  = 10 100 1000 00
Y
1.2 1.27 1.46 1.49 1.50
1.3 1.49 1.79 1.85 1.86
1.4 1.74 2.18 2.29 2.33
1.5 2.05 2.70 2.90 3.00
1.6 2.42 3.37 3.75 4.00
1.7 2.83 4.25 4.96 5.68
1.8 3.32 5.41 6.74 9.00
1.9 3.91 7.01 9.52 19.00
2.0 4.60 9.20 13.81 —
The families of log N - log S curves of Figure AI.l have
been normalized to the point (H,S) of (110, 1.0), taken from
the 2700 MHz counts of Chapter 6. This point is reasonably
free from the effects of confusion and statistical uncertainty.
At 2700 MHz the Parkes telescope has a half power beamv/idth
of 7.9 arc minutes, and the corresponding beam area is
4.15 x 10  ^ steradians. Calculation of S from this beamo
area and source count normalization, and from Table AI.l,
N
/s
r.
A3
w 2700 VI.u.;
Figure AI.l. The families of number - flux density
relations used in the confusion limit computations.
A4
y i e l d s  t h e  v a l u e s  o f  t h e  c o n f u s i o n  l i m i t  i n  T a b le  A I . 2 .
TABLE A I . 2
CONFUSION LIMIT IN F . U .
'o / S l i m  = 10 100 1000
CO
Y
1 . 2 .0 0 2 0 0 .0 0 2 2 9 .0 0 2 3 0 . 0 0 2 3 1
1 . 3 .0 0 3 6 7 . 0 0 4 2 3 .0 0 4 3 4 .0 0 4 3 5
1 . 4 .0 0 6 1 4 .0 0 7 1 5 .0 0 7 4 1 . 0 0 7 4 7
1 . 5 .0 0 9 4 6 .0 1 1 6 .0 1 2 0 .0 1 2 2
1 . 6 .0 1 4 0 .0 1 7 4 .0 1 8 8 .0 1 9 5
1 . 7 . 0 1 9 7 .0 2 5 5 .0 2 7 8 ,0 2 9 9
1 . 8 .0 2 7 1 .0 3 8 8 .0 4 0 3 . 0 4 7 4
1 . 9 .0 3 3 5 .0486 .05  72 . 0 8 2 2
2 . 0 .0 4 5 8 . 0 6 4 7 .0 7 9 4 -
F i g u r e s  A I . 2 and A I .3 show t h e c o n f u s i o n l i m i t  p l o t t e d
a g a i n s t  (So / S ^ a n d  a g a i n s t  t h e  s l o p e  o f  t h e  l o g  N -  l o g  S 
c u r v e .  F i g u r e  A I . 2 i n d i c a t e s  t h a t  t h e  d e p e n d e n c e  on
(S / S i i m) i s  n o t  v e r y  marked f o r  l o g  N -  l o g  S s l o p e s  l e s s  
s t e e p  t h a n  y -  1 . 5 .  The s t r o n g  d e p e n d e n c e  o f  t h e  c o n f u s i o n  
l i m i t  on  t h e  s l o p e  o f  t h e  s o u r c e  c o u n t s  i s  e v i d e n t  from  
F i g u r e  A I . 3 .  A l s o  a p p a r e n t  i s  t h e  f a c t  t h a t  t h e  c o n f u s i o n  
l i m i t  i s  v i r t u a l l y  d e t e r m i n e d  by t h e  f i r s t  d e c a d e  o f  s o u r c e s  
u n d e r l y i n g  i t .
Two c o n c l u s i o n s  a r e  drawn from  t h e  c a l c u l a t i o n s :
(1) With a s i n g l e  beam r e c e i v e r  c o n f i g u r a t i o n  a r e a s o n a b l e  
e s t i m a t e  f o r  t h e  c o n f u s i o n  l i m i t  a t  2700 MHz i s  0 . 0 0 7  f . u .
(2) T here  e x i s t s  t h e  p o s s i b i l i t y  o f  e s t i m a t i n g  t h e  s o u r c e
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Figure AI.2. The dependence of the confusion limit on the 
limiting flux density for the source counts.
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Figure AI.3. The dependence of the confusion limit on the 
slope .of the number - flux density relation.
A7
counts about a decade below the confusion limit by an 
experimental determination of the confusion limit. The 
direct source counts of the selected region surveys could 
thus be extended about two orders of magnitude below the 
survey limit of 0.10 f.u. A measurement of some significance 
could be made in only 24 hours of observing time. It is noted 
that the experiment is the pencil beam analogue of Scheuer's 
(1957) P(D) analysis for an interferometer survey (Kewish 1961).
Suppose that the flux densities of a series of sources 
are measured by pointing a telescope at each known source 
position and at several positions in the sky more than one 
beamwidth away from each source. The flux density measurement 
for each source is given by the difference between the on- 
source receiver output and the mean of the off-source outputs. 
With no a priori knowledge of the sky map, and with the use of 
several off-source positions, the distribution of confusion 
errors in such flux densities is identical to the distribution 
of deviations from the mean background at random points in 
the sky. These background fluctuations are known to obey a 
roughly Poissonian distribution, the tail being due to discrete 
sources stronger than the confusion limit.
For the sources in the 2700 MHz survey, the tail in this 
distribution has been largely eliminated by
(i) setting the survey limit at about 10 times the
confusion limit, and
A8
(ii) having a priori knowledge of the sky map about the 
sources, (a) from the original survey, and (b) from measuring 
the flux densities by scans through the sources (.§‘2.7) . The 
elimination of confusion effects was greatly aided by the 
ability of the receiver to detect sources down to 0.05 f.u. 
(half the flux density at the catalogue limit) without 
integration. From the point of view of noise and confusion, 
it is evident that measurement of flux densities by scans is 
the same as measurement by on-off techniques. The equivalent 
number of off-source positions depends on the length of scan 
baseline on either side of the source. The scans made for 
each catalogue source (Tables AII.l and All.2) are equivalent 
to about 6 off-source positions.
From these considerations it is estimated that the 
distribution of confusion errors in flux density is nearly 
Gaussian, with a standard deviation approximated by the 
confusion limit calculated above. The use of the dual beam 
system in the flux density measurements increases the confusion 
errors by a factor of /J, since each beam sees independent 
fluctuations in the background. The standard deviation of 
confusion errors in flux density is hence estimated as 
/2 x 0.007 = 0.010 f.u.
Similar arguments apply to confusion errors in the 
position measurements (§2.4). Since these errors are generally 
smaller than those due to calibration and receiver noise, no
A9
formal evaluation has been attempted.
Observations shown in Figure AI.4 indicate very limited 
statistical support of the estimated scale of the background 
fluctuations. Ten 2700 MHz scans have been integrated by the 
author and D.J. Cooke with the PDP-9 on-line computer at 
the ANPAO. The principal aim was to examine integration 
techniques for further observations of this type. The 2700 
MHz receiver was used in the dual beam mode, and the scans 
were made in declination between 00° 00' and -01° 30 with the 
main and off-axis beams at right ascensions 17^40m32s and 
17^39m20s (1969.5) respectively. Scan rate was 30 arc 
minutes per minute with an effective time constant (see 52.2) 
of 2 seconds. The drift is instrumental. Samples at beam- 
width intervals along the scan give an r.m.s. deviation from 
the mean of about 0.010 f.u., as estimated above.
Two further considerations indicate that the confusion 
error in the 2700 MHz flux densities has not been significantly 
underestimated. These are (i) the comparison of the flux 
densities with those measured at Green Bank (§2.9), and (ii) 
the form of the number - flux density relation near the lower 
limit to the selected region catalogues (§6.2).
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APPENDIX II 
THE CATALOGUES
The first two parts of the Parkes 2700 MHz catalogue 
are presented in Tables AII.l (the selected regions) and All.2 
(the ±4° declination zone). Sources common to both surveys 
are repeated in the tables. The contents of each column are 
as follows §
(1) Parkes source number. Sources which have been 
discovered in the course of the 2700 I-lHz survey
are distinguished by an additional digit which represents 
tenths of degrees in declination.
(2) 4C catalogue number.
(3) Other catalogue designations.
(4) , (5) Measured Coordinates, epoch 1950.0 (§2.4). 
Accurately measured coordinates of well established 
optical identifications are used where available? 
references are given in column 13.
(6) Session in which the position and flux density 
were measured. Corresponding dates are in Table 2.2.
(7) Position angle of the feed (measured north 
through east) during the position/flux density observa­
tion. For sessions 9, 10, and 11, no entry in this column 
means measurement at two orthogonal feed angles? for 
earlier sessions no entry indicates that the peak flux 
density has been corrected for polarization from the data
A12
of Gardner, Whiteoak, and Morris (1969 and unpublished 
data).
(3) Peak flux density (f.u.) at 2700 MKz (§2,6).
(9) Standard error in the peak flux density (§2.7).
(10) Size factor (§2.6). Data on angular structure 
used in the calculation of size factors is given in 
Table 4.3.
(11) Integrated flux density at 2700 MHz (f.u.), i.e. 
peak flux density multiplied by size factor.
(12) Results of the optical identification programme 
(Chapter 3). The appearance of the 2 arc minutes error 
square is described in the following notation (after 
Wills and Bolton 1969) ;
OSO - quasi-stellar object, confirmed by ultraviolet 
excess from photometry, two-colour (blue - 
ultraviolet) photography, or optical spectrum.
OSO? ~ a blue stellar object within estimated position 
errors.
S,D,E,DB,N - galaxies of the corresponding optical 
classification.
G - a faint galaxy of indeterminate class.
II - several faint galaxies within positional errors, 
the accuracy of the radio position not permitting
a unique identification.
III “ a few stars of normal colour.
Ilia - as above, some obscuration possibly present.
Illb - blank.
IIIc - very crowded star field.
IV ~ obscured.
A13
Other abbreviations used are: BSO - blue stellar
objects? UV - ultraviolet excess? and N - north,
S - south, P - preceding, F - following. The magnitudes 
given are photographic magnitudes for galaxies and visual 
magnitudes for QSO's as estimated from the Palomar Sky 
Survey prints. Standard errors in the estimates are 
eft. Redshifts are given where available.
(13) Remarks? the numbers given refer to the 
catalogue references, listed after Tables AII.l and 
AII.2. The first reference number refers to the original 
identification of the source; it is sometimes difficult 
to establish this and apologies are offered for errors 
in this respect. Second and third reference numbers 
respectively indicate the source of the accurate optical 
position and the redshift where these have been measured.
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APPENDIX III
DATA ON THE OPTICAL IDENTIFICATIONS FROM THE 2700 MHZ SURVEY 
OF THE SELECTED REGIONS AND THF ±4° DECLINATION ZONE
AIII.l Galaxy Identifications
The galaxy identifications in the selected regions 
and in the ±4° declination zone (see §3<, 1) are listed in 
Tables AIII.l and .AIII.2. The content of each column is as 
follows:
(1) Parkes source number.
(2) , (3) The coordinates (epoch 1950.0) of the optical 
centroid of the galaxy as estimated from the Palomar Sky 
Survey prints with the aid of the transparent overlay 
(§3.1(ii)). Standard error in these estimates is 6 arc 
seconds. For the well established identifications, 
accurate optical positions as measured by other authors 
are given.
(4), (5) The displacements in right ascension and
declination of the measured position of the radio source 
from the estimated optical position. The symbols used 
are n - north, s - south, p - preceding, f - following. 
Displacements are not entered for those sources used as 
position calibrators (§2.4).
(6) The morphological type as estimated from the Sky 
Atlas prints: S,E,N,D, and db have the usual meanings,
and g indicates that the galaxy is too faint for
classification.
A65
(7) The photographic magnitude as estimated from the
Palomar Sky Survey prints. The standard error in m isP9
0?5.
(8) The 2700 MHz flux densities (§2.7). Square 
brackets indicate that the peak flux density has been 
corrected for partial resolution.
(9) References to the previous identification of the 
source, to the measurement of the accurate optical 
position, and to the measurement of the redshift, respec­
tively. The references follow Table AIII.2.
(10), (11) New galactic coordinates.
(12) Comments, including redshifts and Cambridge
catalogue numbers.
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TABLE AIII.l
DATA FOR GALAXY IDENTIFICATIONS IN SELECTED REGIONS, 2700 MHZ SURVEY 
A. PS 1112
(1) <21 (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Optical Coordinates (195C1.0) S2700
l11 b11Source r. ift . dec. Aa A4 Type "Vq (f-u.) Re ference Comments
2 356 + 01 23h56m 38?9 +01° s o l i 2?4f oo E4 17?5 0.16 9 8° -5 8°
2357+00 23 57 25.0 ♦ 00 .25.4 . 8p . In db 15.6 0.27 9 97 -60
000 3-f006 00 03 28.0 + 00 37. 3 2. 3f .Is g 18.3 0.25 100 -60
0004-010 00 04 57.0 -01 04.9 .lp .3s E 16.3 0.09 99 -62
000 7+016 00 07 24.0 + 01 41.5 . 3p .48 g 20.5 0.16 102 -59 Bright galaxy 115 sf.
0012-008 00 12 29.5 -00 51.5 1.6p . In E 18.0 0.12 104 -60
B. PS 891
0038-019 00 38 48.2 -01 59.3 l.Of 0.0 s 15.0 0.65 117 -64 4C-02.4
0040+017 00 40 15.0 + 01 46.0 .If 0.0 N 18.7 0.12 119 -61
0041+015 00 41 59.6 +01 35.6 2. Op .la g 19.5 0.06 119 -61 -
0043+000 00 43 06.0 +00 04.5 2.Of . in E 17. 8 0.27 120 -62 4C-00.5
0043-003 00 43 53.0 -00 21. 7 l.Of . 4n g 18.5 0.10 120 -62
0046+011 00 46 05.7 +01 08. 7 cluster - 0.08 121 -61 Position given is 
that of radio souroe.
0049+019 00 49 02.5 + 01 59.2 2.If 0.0 g 20.2 0.11 123 -61
0052+011 00 52 25.0 +01 06.3 2.8p .Is s 14.5 0.08 125 -61
0053-016 00 53 29.3 -01 35.9 l . l p .5s N 16.4 [0.71] 126 -6 41 PKS 0053-01, 4C-01.4;
0053-015 00 53 52.4 -01 32.7
50^6
. 4f .1« N 16.7 [0.78] 126 -64j brighter galaxy 1 n.
0055-01 00 55 01.41 -01 39 EO 15.0 [3.46] 4,27,23 126 -64 3C29.B, 4C-01.5i 
a -.0450.
0100-011 01 00 08. S -01 06.5 1.5p 0 .0 g 19.5 0.08 130 -62
0101-006 01 01 29.6 - 0 0 40.4 cluster o . o e 130 -62 Brightest galaxy of
cluster (n\_-16.3)
is 1 sf.
Position given is that 
of radio source.
c. PS 1114
0222-00 02 22 32.8 -00 49.6 2 • 2p . 5n SO 16.5 0.67 6 16 7 -55 4C-00.12
0235+017 02 35 06.0 ♦01 45.9 • 2p 1. On E 14.8 0.18 168 -51
0239+002 02 39 12.6 +00 13.9 • 2p 0.0 S 12 0.15 171 -52 Prominent dust lane; 
NGC1055.
0240-00 02 40 07.00 -00 13 31.1 Sc 9.7 3.12 18,10,11 171 -51 3C71, 4C-00.13i 
NGC1068; a - .00344.
D. PS 1777
1152-011 11 52 27.2 -01 09.2 0.4f .Is g 18. 3 0.08 275 58 Second galaxy 01.3 np. 
Outside selected 
region.
1154-038 11 54 14.8 -0 3 48.9 1.4p
1.4p
.4n D 15.7 0.17 278 56 Outside selected 
region.
1157-008 11 57 49.0 -00 49.2 o o s 11.6 0.09 2 76 61 NGC4030
1201-002 12 01 31.6 -00 13.0 1.5p • In g 20.5 0.19 278 61
1201+027 12 01 32.1 ♦02 41.4 l.Of .9n E 16.9 0.16 276 63 Outside selected 
region.
1207-013 12 07 57.6 -01 20.1 . 4f . is db 19.4 0.39 282 60
1208-035 12 08 45.6 -03 33.4 • 4p . 3s g 19.6 0.08 284 58
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TABLE AIII.l CONCLUDED 
E. PS 1778
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Optical Coordinates (1950 .0) S2 700
l11Source r. a . dec. A a A 6 Type "P9 (f.u.) Ref aranoe b11 Comments
1330+02 13h30m20?5 + 02° 16 ' 09- 0?6f ! 2n N 19™1 [1.91] 9,27,22 326° 6 3° 3C287.1, 4C+02.36; X-.2156
1338+011 13 38 58.0 +01 07.4 0.0 . 4n 9 20.2 0.16 330 61
1342-016 13 42 43.5 -01 41.0 . 3p .3a D 18.0 0.21 329 58
1349-01 13 49 49.0 -01 41.7 . 4f . 3n 9 19.6 0. 31 332 57 4C-01.30In amall cluater.
1351+003 13 51 18.3 ♦ 00 21.1 . 7f .la 9 20.2 0.07 335 59
T. PS 896
2149-158 21 49 11.0 -15 51.6 3. 7f . 2n db 17.1+17.3 0.32 39 -47 Outaide selected 
region.
2153-219 21 53 12.2 -21 58.8 .5 f .In N 17.2 0.11 31 -50
2155-202 21 55 02.0 -20 12.9 2.7f .6n g 19.6 0.22 34 -50
2157-191 21 57 57.0 -19 10.6 2.4p • 5n g 20.2 0.13 35 -50
2201-217 22 01 16.0 -21 41.7 . 4f 1.0s db 16.5+17.3 0.15 32 -52 Brighteat of cluater.
2204-218 22 04 42.4 -21 48.8 2.2p • 5s E 16.8 0.08 32 -52
2211-17 22 11 41.5 -17 16.8 . 5f .in D 19 [4.52] 30 40 -52 3C444
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TABLE A I I I . 2
D ATA FOB GALAXY ID E N TI FIC AT IO NS IN  1 4 ° DECLINATION ZONE, 2 7 0 0  MHZ SURVEY
(1 ) (2 ) (3 ) (4 ) ( 5 ) (6 ) (7 ) (8 ) (9 ) ( 1 0 ) ( 1 1 ) ( 1 2 )
O p t i c a l  C o o r d i n a t e s  ( 1 9 5 0 . 0 ) S2 7 0 0
S o u r c e r  . a . d e c . Aa A 6 T y p e
" P 9
( f . u . ) R e f e r e n c e l 11 b 11 C o m m e n t s
0 0 2 9 - 0 1 0 0 h 2 8 m5 9 ? 3 - 0 1 ° 1 7 ! 4 0 ? 4 p o !  l . 9 1 9 ^ 4 0 . 5 2 1 1 2 ° - 6  3 ° 4 C - 0 1 . 2
0 0 3 4 - 0 1 00 34 3 0 . 5 - 0 1 25 4 4 . 3 • l p , i . EO 1 7 . 1 [ 2 . 5 6 ] 4 , 2 7 , 8 1 1 4 - 6  3 3 C 1 5 ,  4 C - Q 1 . 3 |  
* - . 0 7 3 3 .
0 0 3 5 - 0 2 00 35 4 6 . 7 9 - 0 2 24 1 0 . 2 E 1 9 . 6 4 . 0 4 2 0 , 2 1 , 2 5 115 - 6 4 3 C 1 7 ,  4 C - 0 2 . 3 1 
2 - . 2 2 0 1 .
0 0 3 6  + 03 00 36 4 3 . 8 ♦ 0 3 0 3 . 4 • 4p . I s E2 1 3 . 5 [ 1 . 1 1 ] 9 , 2 9 1 1 7 - 5 9 4 C + 0 3 . 1 ;  NGC193» 
* - . 0 1 4 5 .
0 0 3 8 - 0 1 9 00 38 4 8 . 2 - 0 1 5 9 . 3 l . O f 0 . 0 S 1 5 . 0 0 . 6 5 1 1 7 - 6 4 4 C - 0 2 . 4
0 0 5 1 - 0 3 00 51 3 5 . 6 - 0 3 50 1 1 .  3 1 . 2 p • I n E 1 9 . 1 1 . 1 1 4 , 2 , 2 5 1 24 - 6 6 3 C 2 6 , 4 C - 0 3 . 3 ; z -  . 2 1 0 6
0 0 5 3 - 0 1 6 00 53 2 9 . 3 - 0 1 3 5 . 9 l . l p . 5 . N 1 6 . 4 [ 0 . 7 1 ] 1 26 - 6  4] PKS 0 0 5 3 - 0 1 ,  4 C - 0 1 . 4 ;
0 0 5 3 - 0 1 5 00 5 3 5 2 . 4 - 0 1 3 2 . 7 • 4 f . 1 . N 1 6 . 7 [ 0 . 7 8 ] 1 26 - 6 4 j b r i g h t e r  g a l a x y  1 n .
0 0 5 5 - 0 1 00 55 0 1 . 4 - 0 1 39 5 0 . 6 . 5 f . 2 . EO 1 5 . 0 [ 3 . 4 6 ] 4 , 2 7 , 2 3 1 26 - 6 4 3 C 2 9 , 4 C - 0 1 . 5 ;  
2 - . 0 4 5 0  .
0 1 1 1 + 0 2 1 01 11 0 8 . 8 +02 0 6 . 4 • 4 f . I n E 1 6 . 3 0 . 6 1 1 3 4 - 6 0 R a d i o  s p e c t r u m  f l a t  
o r  i n v e r t e d .
0 1 1 5 - 0 1 01 15 4 1 . 5 - 0 1 3 6 . 0 1 . 9  f . 3n N 1 8 .  3 0 . 5 2 6 1 3 8 - 6 3 4 C - 0 1 . 7 ;  i e t  i n  
p . a .  1 0 0 ° .
0 1 2 3 - 0 1 01 2 3
2 6 . 0
2 7 . 5 - 0 1
35
36
5 9 . 5
1 7 . 2 - - E+E 1 2 . 8 [ 2 . 7 5 ] 1 9 , 1 0 , 1 3 142 - 6 2 3 C 4 0 , 4 C - 0 1 . 8 ;  
N G C 5 4 5 / 7 ; x—. 0 1 8 0 .
0 1 2 8 + 0 0 3 01 2 8 5 9 . 1 + 00 1 7 . 9 . 9 p . 2 n E 1 6 . 1 0 . 3 3 1 4 4 - 6 1 4 C + 0 0 . 5
0 2 1 7 + 0 1 02 1 7 2 4 . 5 +0 1 4 1 . 9 • 9 p . I n E7 1 5 . 2 0 . 3 6 9 1 6 3 - 5 4
0 2 1 8 - 0 2 02 18 2 1 . 9 0 - 0 2 10 3 3 . 0 E 1 9 . 1 1 . 6 8 4 , 2 7 16 7 - 5 7 3 C 6 3 ,  4 C - 0 2 . 1 0
0 2 2 2 - 0 0 02 22 3 2 . 8 - 0 0 4 9 . 6 2 • 2 p . 5 n s o 1 6 . 5 0 . 6 7 6 16 7 - 5 5 4 C - 0 0 . 1 2
0 2 4 0 - 0 0 02 40 0 7 . 0 0 - 0 0 13 3 1 . 1 S c 9 . 7 3 . 1 2 1 8 , 1 0 , 1 1 1 7 1 - 5 1 3 C 7 1 . 4 C - 0 0 . 1 3 ;  
N G C 1 0 6 8 ;  * - . 0 0 3 4 4
0 2 5 2 + 0 2 02 52 3 3 . 7 + 02 4 1 . 6 • I f 0 . 0 N 1 9 . 9 0 . 4 1 16 1 7 2 - 4 8 3 C 7 4 ,  4 C + 0 2 . 8
0 3 0 5 + 0 3 0 3 05 4 9 . 0 3 ♦ 0 3 5 5 1 2 . 7 D 1 4 . 4 [ 5 . 3 3 ] 1 , 1 0 , 1 5 1 7 5 - 4 5 3 C 7 8 ,  4 C + 0 3 . 5 ;  
N G C 121 8 ;  * - . 0 2 8 9 .
0 3 2 5 + 0 2 03 25 1 8 . 2 5 + 02 2 3 2 0 . 4 l . O f 0 . 0 D 1 4 . 9 [ 3 . 1 8 ] 1 4 , 2 7 , 1 5 1 8 1 - 4 2 3C8 8 ,  4 C + 0 2 . 1 0 »  
s *  . 0 3 0 2 .
0 3 3 1 - 0 1 0 3 31 4 3 . 3 7 - 0 1 21 2 6 . 3 • 6 p 0 . 0 D 1 8 . 3 [ 1 . 3 9 ] 4 , 2 7 1 8 5 - 4 2 3 C 8 9 ,  4 C - 0 1 . 1 2
0 3 5 3 + 0 2 7 0 3 5 3 2 3 . 0 +0 2 4 7 . 7 . 4 f • i s N 1 9 . 1 0 . 4 7 1 8 6 - 3 6 4 C + 0 2 . 1 1 ;  g a l a x y  
s h o w s  UV e x c e s s .
0 4 4 8 - 0 2 5 0 4 48 4 9 . 9 - 0 2 3 3 . 8 • 2 f . 2 s g 2 0 . 2 0 . 2 5 2 0 1 - 2 8 4 C - 0 2 . 1 8
0 4 5 8 + 0 1 04 5 8 0 3 . 5 + 01 2 6 . 0 .  4 f . 2 s E 1 8 . 5 0 . 5 2 1 98 - 2 4 4 C + 0 1 . 1 2
0 5 1 1 + 0 0 05 i i 3 3 . 7 8 +0 0 5 3 0 7 . 9 • 5p . I n E 1 7 . 5 [ 1 . 7 0 ] 9 , 2 7 , 2 3 2 0 0 - 2 1 3 C 1 3 5 ,  4 C + 0 0 . 1 9 ;  
2 -  . 1 2  70.
0 7 2 3 - 0 3 6 0 7 2 3 3 5 . 6 - 0 3
3 8 . 5
3 8 . 8 • 4 f . I s d b 1 7 . 5 + 1 8 . 0 0 .  32 2 2 0 6
0 7 2 4 - 0 1 0 7 24 3 3 . 2 7 - 0 1 5 8 2 4 . 4 . 6 p 0 . 0 g 2 0 . 2 [ 1 . 5 6 ] 4 , 2 7 2 1 8 6 3 C 1 8 0 ,  4 C - 0 2 . 3 1
0 7 2 6 - 0 0 0 7 26 1 5 . 3 - 0 0 0 2 . 5 l . l p 0 . 0 g 2 0 . 2 0 . 4 0 6 2 1 7 8 4 C - 0 0 . 2 5
0 7 4 2 + 0 2 0 7 42 2 7 . 9 4 +0 2 0 7 4 4 . 6 • 4 f , 2 s g 1 9 . 5  <7) [ 0 . 8 2 ] 3 1 , 2 7 2 1 7 1 3 3 C 1 8 7 ,  4 C + 0 2 . 2 1
0 7 5 2 - 0 2 . 7 0 7 52 1 6 . 4 - 0 2 3 9 . 6 • 4 f . I n N 1 9 . 4 0 . 4 6 2 2 3 13 4 C - 0 2 . 3 3
0 7 5 2 - 0 2 . 3 0 7 5 2 2 5 . 3 - 0 2 1 4 . 2 1 . 3 f . 7 s d b 1 5 . 8 + 1 6 . 2 0 . 4 2 2 2 2 1 3
0 8 0 3 - 0 0 08 0 3 0 4 . 6 - 0 0 4 9 . 7 • 6 p 0 . 0 E4 1 5 . 4 0 . 7 1 4 2 2 2 16 4 C - 0 0 . 3 2
0 8 1 2 - 0 2 08 12 5 7 . 3 2 - 0 2 5 9 1 3 . 9 D 1 8 . 9 0 . 9 5 4 , 2 7 2 2 5 1 7 3 C 1 9 6 . 1 ,  4 C - 0 2 . 3 5
0 8 3 3 - 0 1 08 33 0 2 . 0 - 0 1 4 0 . 7 l . O f 0 . 0 E 1 3 . 9 [ 0 . 5 6 ] 6 2 2 7 22 Some j e t  s t r u c t u r e .
0 8 5 9 + 0 3 2 0 8 5 9 1 5 . 2 + 0 3 1 6 . 2 • 2p 0 . 0 g 2 0 . 2 0 . 3 4 2 2 7 30
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TABUE A I I I  . 2  C o n t ' d .
(1) (2 1 (3) (4) (5) (6) (7) (8) (9) (10) (1 1 ) (12)
O p t i c a l  C o o r d i n a t o r  (1950 . 0 ) *27 0 0
l 11S o u r c e r . a . d e c . 6 o A4 Typ« ■ w ( f . u . ) l l . f a r . n o «
b 11 C a a M n t a
0 9 5 6 ^ 0 1 5 0 9 ^ 5 6 * 4 6  ? 3 ♦ 0 1 ° 32!  4 o ! o o ! o db? 15^8 0 . 3 0 2 38° 4 1 °
1005 *0 07 10 05 3 7 . 3 ♦ 00 4 4 . 8 0 . 0 .2 « N 1 6 . 9 0 .  34 240 43
1 0 0 0 - 0 1 10 08 1 8 . 8 - 0 1 4 6 .2 . l . O f . 1 * 87 1 9 . 4 [ 0 . 8 0 ] 243 42 4 C - 0 1 . 2 1
10274-00 10 27 3 6 . 3 ♦00 5 3 . 1 0 . 3f .3 « 9 1 9 . 4 0 . 6 1 245 47 4 0 0 0 . 3 5
1 0 3 3 4 0 0 3 10 33 3 1 . 9 ♦ 00 2 1 . 8 . 6 f 0 . 0 E 1 6 . 5 0 . 3 4 247 48 4 C + 0 0 . 3 7
1 0 39 40 2 10 39 0 5 . 3 ♦02 5 8 . 1 . 6 p ■ 2n 9 1 9 . 4 1 . 6 6 2 46 51 4 0 0 3 . 1 8
105 1 + 0 3 5 10 51 5 1 . 6 ♦ 03 3 0 . 7 . 2 t 0 . 0 db 2 0 . 2 0 . 2 9 248 53 4 0 0 3 . 1 9
110 3 + 0 0 2 11 03 1 5 . 0 ♦ 00 1 4 . 0 1 . 8  f l . O n S 9 . 8 2 0 . 2 9 11 256 53 NQC3521I a - , 00205 .
1 1 0 6 4 0 2 3 11 06 1 1 . 1 ♦ 02 1 9 . 0 • 7p . 1 « N 1 8 . 9 0 . 6 4 254 55
1 1 1 1 - 0 3 7 11 i i 5 8 . 9 - 0 3 4 4 . 9 ,4 p . 3n 9 1 8 .  3 0 . 3 5 262 51 4 0 0 3 . 4 1 »  BSO n e a r  
p o a i t i o n  i »  a l s o  
m a r k e d  on f i n d i n g  
c h a r t .
111 8 4 0 0 0 11 18 4 6 . 1 + 00 0 3 . 1 i . i p . l a db 1 7 . 0 + 1 8 . 5 0 .  44 261 55
11 2 7 + 0 0 5 11 27 0 2 . 8 ♦00 3 1 . 8 c l u . t . 1 0 . 5 8 26 3 57 4 0 0 0 . 4 0 1 c l u s t e r  o f  
f a i n t  g a l a x i e s  .
R a d i o  s o u r c e  p o a i t i o n  
i a  g i v e n .
1 1 27 +0 12 11 27 4 7 . 3 +01 1 5 . 0 . 3 f . l * N 1 7 . 8 0 . 4 1 26 3 57 4 0 0 1 . 3 0
1 1 3 0 - 0 3 7 11 30 3 2 . 4 - 0 3 4 4 . 2 1 . 4 p . l a E 1 5 . 3 0 . 5 4 269 54 4 C - 0 3 . 4 3
1 1 4 1 + 0 1 1 11 41 3 5 . 0 ♦ 01 1 1 . 3 . 5 f . l a 9 1 9 . 4 0 . 3 3 268 59
11 4 7 + 0 1 5 11 47 5 1 . 5 +01 3 2 . 7 0 . 0 0 . 0 9 1 9 . 9 0 . 3 1 271 60 4 C + 0 1 . 3 3
1 2 0 7 - 0 1 3 12 07 5 7 . 6 - 0 1 2 0 . 1 0 . 0 . l a d b 1 9 . 4 0 .  39 2 82 60
1 2 1 5 4 0 3 12 1514
07
5 8 . 3 ♦03
5 6 . 0
5 3 . 8 D+B 1 7 . 3 , 1 7 . 3 [ 1 . 2 1 ] 1 0 , 8 283 65 4 C + 0 4 . 4 1 ; » - . 0 7 5 6 ,  , 0 7 7 1 .  Coup 1 . x a o u r o a .
12 49 4 0 3 5 12 49 5 0 . 0 +03 3 2 . 2 0 . 0 0 . 0 E2 1 6 . 8 0 . 6 0 30 4 66
1 3 0 7 - 0 0 . 1 13 07 1 6 . 5 ♦00 0 3 . 0 0 . 0 0 . 0 O 1 9 . 4 0 . 8 2 313 62 4 0 0 0 . 4 6
1 3 2 0 4 0 3 13 20 4 6 . 0 ♦03 2 3 . 8 1 . 4 f . l n D 1 9 . 9 0 . 7 5 9 322 65 4 C + 0 3 .2 7
1 3 2 4 - 0 2 5 13 24 3 3 . 0 - 0 2 3 3 . 8 1 . 0 p 0 . 0 9 1 9 . 4 0 .  31 320 59
1 3 2 5 - 0 1 13 25 0 4 . 0 - 0 1 4 7 . 6 . 3f . 2 n 0 1 8 . 7 0 . 7 1 < 321 60 4 C - 0 1 . 2 9
13 3 0 4 0 2 13 30 2 0 . 5 ♦ 02 16 0 9 . 0 . 6 f . 2n N 1 9 . 1 [ 1 . 9 1 ] 9 , 2 7 , 2 2 326 6 3 3 C 2 8 7 . 1 ,  4 C + 0 2 . 3 6 f 
a - . 2 156 .
1 3 4 9 - 0 1 13 49 4 9 . 0 - 0 1 4 1 . 7 • 4 f . 3n 9 1 9 . 6 0 . 3 1 332 57 4 C - 0 1 . 3 0
1 3 5 9 4 0 2 5 13 59 5 9 J 2 +02 3 0 . 2 ■ 2 f . 3n N 1 9 . 4 0 . 5 7 340 60 4 0 0 2 . 3 9
1 4 0 4 - 0 1 14 04 1 5 . 2 - 0 1 3 9 . 9 • 5p • l a 9 2 0 . 2 0 . 5 8 7 338 56 4 C - 0 1 . 3 1 I  b l u e  g a l a x y .
1 4 1 8 - 0 2 5 14 18 3 8 . 3 - 0 2 3 3 . 8 . 7 f . 2n 9 1 8 . 1 0 . 2 5 342 53 4 0 0 2 . 6 0
14 2 5 -C n 14 25 5 4 . 7 - 0 1 1 0 . 6 1 . 7 f . l a N 1 7 . 3 1 . 6 4 8 346 53 3 C 3 0 0 . 1 ,  4 0 0 1 . 3 4  » 
j e t  i n  p . a .  %260
1 4 31 +0 18 14 31 3 6 . 4 +01 5 0 . 1 1 . 8 p . l a E 1 7 . 4 0 .  32 351 55
143 5 + 0 3 8 14 35 5 1 . 5 +03 5 3 . 1 . 9 f 0 . 0 9 1 7 . 8 0 . 3 5 355 55
1 4 4 2 - 0 2 9 14 42 2 0 . 2 - 0 2 5 9 . 2 .4 p . l n E 1 7 . 6 0 . 2 7 349 49
144 6+ 00 14 46 0 7 . 4 ♦00 3 0 . 8 1 . 4 p . 3 a E 1 9 . 4 1 . 0 4 9 354 51 4C+0 0 .5 2> f a i n t a r  
g a l a x y  c l o a a r  bo 
r a d i o  p o a i t i o n .
151 4+ 00 15 14 0 5 . 3 +00 2 6 . 0 2 . 3 f . 3 a B3 1 5 . 9 [ 1 . 8 3 ] 7 , 2 6 1 46 4 C + 0 0 . 5 6 ;  a - . 053.
C o a p l f x  a o u r c a i  
0 9 0  0 . 7  n f .
15 42 +0 2 15 43 0 3 . 7 +01 5 9 . 2 1 . 4 p 0 . 0 B 1 8 . 5 0 . 5 1 3 » 41 4 C + 0 1 .4 5
/
I
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TABLE Kill.2 CONCLUDED
(1) (2)1 (3) (4) (5) (6) (7) (8) (») (10) (11) (12)
Optical Coordinates (1950.0) S2700
Source r.i. dec. Aa AA Typs "pq (f.u.) Reference l11 b11 Counnts
1559*02 15h5»-55?67 ♦02° 06' i2 r 3 D 16?5 [5.04] 1,10,15 13 38 3C327, 4C+02.41; 
I-.1041.
1601-00 16 01 19.1 -00 21.7 0?7p o! 3s N 17.5 0.45 11 37 4C-00.63
1601-017 16 01 44.6 -01 47.1 l.lp • It B 19.1 0.31 9 35
1603*00 16 03 39.02 ♦00 08 29.3 E4 16.3 1.50 30,2 1 26 4C+00.58
1616-02» 16 16 31.4 -02 57.2 1.3p .2s E 16.6 0.40 10 32
1636-03 16 36 18.5 -03 07.6 1.5p .Is 9 19.9 0.45 16 13 27 4C-03.61
1643*022 16 43 11.4 ♦02 17.2 1.4p • In E 18.0 1.16 20 2» 4C+02.42» ^ 18*7 
galaxy 30* p.
1650*024 16 50 27.7 ♦02 29.1 1.8f • 5n 9 - 0.30 28 21 27 4C+02.44» NGC6240 Peculiar galaxy«-.0261
1708*00 17 08 01.5 +00 40.2 1 • 4p • In db 21.0 0.83 3 21 23 4C+00.65
1717-00 17 17 53.29 -00 55 49.5 2.4f 0.0 D 16.6 [33.8] 17,10,15 23 21 3C353, 4C-00.67| 
*-.0 30 7.
1949*02 19 49 44.57 +02 22 37.1 80 16.4 [3.68] 31,27,24 42 -12 3C403, 4C+02.50| 
I-.0590.
1949-01 19 49 55.20 -01 25 07.2 B 17.5(7) [0.79] 4,27 38 -14 3C403.1, 4C-01.51
2123+00 1 21 23 13.1 +00 43.1 1.8p . 2n db 17.5+18.3 0.38 9 54 -33 4C+00.79
2150-031 21 50 01.4 -03 08.8 • If .2n 9 19.6 0.30 55 -41 4C-03.75
2217-011 22 17 11.4 -01 05.8 .9p .3s 9 20.2 0.28 62 -45
2221-02 22 21 14. 76 -02 21 26.1 • 7f .4s N 17.5 [3.46] 14,15 62 -47 3C445,4C-02,83i«-.0568
2243-03 22 43 37.1 -03 16.6 l.lp .2n 9 21.0 0.65 6 66 -52 4C-03.81 (blue galaxy.
2313+01 23 13 43.2 ♦01 12.6 . 7f 0.0 9 19.4 0.58 16 80 -53 4C+01.74
2313+03 23 14 02.30 +03 48 56.0 N 18.7 2.38 12,27,25 83 -51 3C459, 4C+03.57| 
«-.2205.
2324-02 23 24 19.40 -02 18 43.7 E 18.0 ri.56] 4,2 SO -57
2338-002 23 38 26.2 -00 11.8 •2p .5s db 17.2 0.38 87 -58 4C-00.83
2338+000 23 38 32.7 +00 01.» 2.Of .2n B 19.1 0.36 88 -58
2338+03 23 38 57.0 ♦03 00.8 • 7p .2b 9 20.2 0.38 91 -55 4C+03.60
2349-01 23 49 22.30 -01 25 54.2 B 17.1 1.01 4.2,26 »1 -60 4C-01.611 «-.174.
/
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AIII.2 QSO Identifications
The QSO or possible QSO identifications in the 
selected regions and in the ±4° zone (see §3.2) are listed in 
Tables AIII.3 and AIII.4. The content of each column is as 
follows:
(1) Parkes source number.
(2) , (3) The optical coordinates (epoch 1950.0) of the 
identification as estimated from the Palomar Sky Survey 
prints with the aid of the transparent overlay (§3.2(ii)). 
Standard error in these estimates is 6 arc seconds. For 
well known QSO's with accurately measured optical 
positions, the precise coordinates are given in these 
columns and were used in pointing calibration (§2.4).
(4) , (5) The displacements in right ascension and
declination of the measured position of the radio source 
from the estimated optical position. The symbols used 
are n - north, s - south, p - preceding, and f - following. 
Displacements are not entered for those sources used as 
position calibrators.
(6) The visual magnitude as estimated from the Palomar 
Sky Survey prints, or the photoelectric V magnitude where 
available from the literature. The latter is given to a 
tenth of a magnitude and the former to half a magnitude.
(7) The 2700 MHz flux density (§2.7); round brackets 
indicate that the source is variable or possibly variable 
at this frequency.
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(8) The spectral index in the vicinity of 2700 MHz. 
For many QSO's in the present list, the spectral index is 
a function of frequency. A source whose spectrum deviates 
markedly from power law has a brief description of the 
form of the spectrum in column 13. Inverted spectrum 
indicates that the maximum flux density occurs at a 
frequency of 2700 MHz or higher. HF (high frequency) 
enhancement indicates that the spectrum flattens towards 
the high frequencies, and LF (low frequency) cut-off 
indicates the possibly of synchrotron self-absorption 
towards the low frequency end of the spectrum.
(9) References to the original identification of a 
known QSO, and to the accurate measurement of the optical 
position.
(10) Alternative catalogue numbers.
(11) , (12) New galactic coordinates.
(13) Comments. Redshifts are given where available, 
together with references. UVX and UVX? in this column 
indicate definite or probable ultraviolet excess as 
discussed in §3.2(ii). Comments on the form of the radio 
spectrum are discussed above.
References for Tables AIII.3 and AIII.4 follow
Table AIII.4.
A75
TABLE AIII.3
DATA FOR 090 IDENTIFICATIONS IN SELECTED REGIONS, 2700 MHZ SURVEY 
A. PS 1112
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
S2 700
Other Galactic
Source Optical coordinates (1950.0) Catalogue coords.
1r .a <iec. Aa A 6 "W (f.u.) “2700 Ref. Number I11 b11 Consents
0003-00 00h03m48?70 r-iNO1 06*6 19?5 2.41 .80 24 3C2 99 -61 1-1.037(20) , optical 
variable (25)
0,6n0006+014 00 06 19.0 ♦01 25 20 2? 0p 18.5 .09 101 -59 uvx
D. PS 891
0041+001 00 41 00.0 ♦00 08 30 1.9p 0.6a 19 .08 118 -62 uvx
0045-000 00 45 46.0 -00 01 06 1.3p 0.2n 19 .11 121 -6 3 uvx?
0056-00 00 56 31.70 -00 09 16 17.3 (1.80) .45 5,10 4C-00.6 127 -6 3 x-0.717 (21)
0057+028 00 57 34.5 +02 49 00 O.lp 0.6s 19.5 .06 12 7 -60 UVX,optical variable
0103-021 01 03 48.6 -02 11 48 - - 19 .42 .50 131 -64 UVX
C. PS 1114
0222+000 02 22 34.3 ♦ 00 03 24 0 .5 £ 0. In 19 0.14 166 -55 uvx
0223+012 02 23 34.0 ♦01 16 06 0.5 f - 19 0.24 165 -53 uvx
0225-014 02 25 35.0 -01 29 06 0.5p - 18 0.30 0.8 4C-01.il 168 -55 z-0.685 (9)
0231+022 02 31 14.6 + 02 16 18 1.3p 0.5s 17.5 0.07 171 -54 uvx
0232-02 02 32 59.9 -02 32 24 - - 18 0.58 0.85 4C-02.12 172 -55 uvx
0237-027 02 37 14.2 -02 47 12 1 .Of 18.5 0.41 - .70 174 -54 optical variable ?
0240-021 02 40 15.0 -02 10 24 - 0.2n 19.5 0.12 174 -53 UVX?, object 4* £ hasUVX
D. PS 1777
1158+007 11 58 49.7 ♦00 45 10 0.4f 0.3s 18.5 0.26 276 61 uvx
1159-036 11 59 38.4 -03 37 50 1.1 0.3n 19.5 0.12 280 57 uvx
1201-026 12 01 08.6 -02 37 55 0.9f 0.3s 19 0.15 4C-02.S1 2 80 58 Optical variable
1203+011 12 03 15.3 +01 10 27 0.9p 0.4n 18 0.13 278 61 UVX
1211+003 12 11 22.9 +00 22 29 1. 2p 0.5s 20 0.10 283 61 uvx
1216-010 12 16 01.0 -01 03 28 1.3f 0.3n 19.5 0.21 2 86 60 uvx?
1217+02 12 17 38.35 +02 20 20.9 1.3f - 16.5 0.47 -.05 3 284 65 z—0.240 (22),HFenhancement
E. PS 1778
1328-034 13 28 54.0 -03 25 54 2 • 5p 0.2n 19 0.26 321 58 UVX
1331+004 13 31 07.7 + 0 0 25 42 0 .9 £ - 20 0.14 325 60 u v x
1331+025 13 31 17.3 + 0 2 34 06 0.9p 0.2n 18.5 0.14 326 63 u v x
1335+023 13 35 06 .9 +02 22 17 0.4f 0.2s 17.5 0.10 329 63 z-0.61 (9)
1336-000 13 37 00.3 -00 00 54 0 . 5p 0.3s 19 0.11 32 8 60 UVX
1337-013 13 37 30.4 -01 22 36 0 . 3p 0.3n 18.5 0.19 327 59 z-1.607 (23)
1343+011 13 43 48.0 +01 09 13 0 . 2p 1 .On 20 0.10 332 61 Balov limit of plate
2 colour
1352+00 13 52 34.7 +00 55 13 0.6f 0.3n 19 0.35 1.15 23 336 60 UVX?, inverted spectrum
\
I
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TABLE A I I I . 3  C o n c l u d e d
(1 )
S o u r c e
( 2 )  (3 )
O p t i c a l  c o o r d i n a t e s  ( 1 9 5 0 . 0 )
(4 ) (5) (6 ) ( 7 )  (8 )
S 2 700
( 9 )  ( 1 0 )
O t h e r  
C a t s  l o g o s
( 1 1 )  (1 2 )  
G a l a c t i c  
c o o r d s .
(1 3 )
r  . a . d e c . 6a 66
"Vg ( f . u . )  » 2 7 0 0
R e f .  N u m b e r I 11 b 11
C o n s e n t s
P .  PS 896
2 1 5 3 - 2 0 4 2 1 h 5 3™ 47? l - 2 0 ° 2 6  *50* l ? 5 f 0 . 2 n 17 “ 0 . 2 2 26 33 - 5 0 1 - 1 . 3 1  (2 7 )
2 1 5 6 - 1 8 3 21 56 3 1 . 6 - 1 8  2 1  5 3 3 . Of 0 . 3 a 1 9 . 5 0 . 0 9 36 - 4 9 u v x
2 1 5 7 - 2 0 0 21 5 7  2 1 . 7 - 2 0  00 15 O . l f 0 . 1 s 1 9 . 5 0 . 1 3 34 - 5 0 U V X , o p t i c a l  v a r i a b l e
2 1 5 9 - 2 1 5 2 1  59  0 5 . 7 - 2 1  32 41 2 .  Op 0 . 4n 19 0 . 1 3 32 - 5 1 UVX, f i n d i n g  c h a r t  
f r o n  r e d  p r i n t
2 2 0 3 - 1 8 22 0 3  2 5 . 8 - 1 8  5 0  16 1 9 . 5 5 . 2 0  0 . 4 0 5 , 1 9  MSH 22- 11 36 - 5 1 UVX?
\
All
TABLI AXIX.4
r DATA rOR QSO IDENTIFICATIONS IH i 4° DECLINATION »ONE, 2700 KHI SURVEY
(1)
Sourct
(2) (3)
Optical coordinate. (1950.0)
(4) (5) (6) (7)
S2 700
(8) (9) (10)
Other
Catalogue
(11) (12) 
Galactic 
coordi.
(13)
r .a dec. 6a 66 *pg (f.u.) “2700 hef. Number I11 b11 Consents
0003-00 00h03-48?70 -00o21’0«T« 19?3 2.41 .80 24 3C2 99 -61 *»1.037 (20), optical 
variable (25)
0038-020 00 38 23.8 -02 02 54 - 0! 2n 18 0.61 -.40 117 -64 *»1.176 (1), invartad 
•pactru"
0056-00 00 56 31.70 -00 09 16 17.3 (1.80) .45 5,10 4C-00.6 12 7 -6 3 *-0.717 (21)
0101-021 01 03 48.« -02 ii 48 - - 19 .42 .50 131 -64 uvx
0106 +01 01 0« 04.39 +01 19 01.9 18.4 (1.88) -.65 3,2 4C+01.2 132 -61 *-2.107(13), HF 
tnhanctMnt
0112-017 01 12 43.5 -01 43 01 0?9f 0 .In 18 1.38 -.25 13« -6 4 UVX, HT enhancement
0115402 01 15 42.8 ♦02 42 35 0.2f 0.5« 17.5 0.88 .85 11 4C+02.4 136 -59 *-0.673 (27)
0118+03 01 18 26.15 +03 28 29.3 18 0.51 1.20 15,2 4C+03.2 137 -58 *-0.765 (1)
0122-00 01 22 55.5 -00 21 34 17 1.43 .25 5,10 140 -62 *-1.070 (21), HF 
enhancement,LF cut-off
01374012 01 37 22.8 +01 16 29 0.2f O.ln 17.5 1.07 .50 4C+01.4 147 -59 UVX
01584031 01 58 05.0 +03 08 14 - . - 19 0.28 154 -55 uvx
02154015 02 15 13.4 ♦ 01 30 56 0.6 f - 18.5 0.36 .23 12 162 -54 Optical variabla (12)# 
LF cut-off
0225-014 02 25 35.0 -01 29 07 O.Sp - 18 0.30 0.8 » «C-01.ll 16 8 -55 *-0.685 (9)
0226-038 02 26 22.5 -03 50 58 0.7f 0.1s 17.5 0.66 0.30 «C-03.7 172 -57 *-0.695,(1),HF 
enhancement
0232-02 02 32 59.9 -02 32 23 - - 19 0.58 0.85 23 4C-02.12 172 -55 UVX
0237-027 02 37 14.2 -02 47 34 0.3f 0.4n 19.5 0.41 -.70 174 -54 UVX, invartad spectrum
0253-031 02 53 20.0 -03 ii 37 0.2 f - 19 0.29 1.15 4C-03.10 179 -52
0256-005 02 56 54.8 -00 31 52 0.4p - 17.5 0.31 0.55 177 -49 UVX
0300-00 03 00 39.5 00 26 38 1.3p * 18.5 0.67 0.95 «C-00.1« 178 -48 UVX?, galaxy pravioualy suggested (7)
0312-03 03 12 SI.9 -03 27 51 0.2 f 0. In 18.5 0.68 1.10 4C-03.il 184 -48 UVX
0317-02 03 17 56.5 -02 19 24 0.6f 0.3n 19.5 0.36 0.45 4C-02.15 184 -4« UVX, HF enhancement
0336-01 03 36 59.2 -01 56 19 18.4 (2.23) -.10 5.19 CTA26 188 -42 z-0.852 (1), optical 
variabla (19),LF cut-off
0351-032 03 51 43.3 -0 3 16 43 0.4f 0. Is 19.5 0.46 1.15 4C-03.1« 192 -40 •
04204022 04 20 16.8 + 02 12 24 0.2p O.ln 19.5 0.34 -.40 191 -31 UVX, Inverted spectra
0420-01 04 20 43.1 -01 27 29 18 (1.92) -.10 6,18 195 -33 *-0.915 (1), HT 
enhance ment
04214019 04 21 33.0 +01 57 33 l.Of O.ln 17.5 0.76 0.20 OF03« 192 -31 *-0.689 (1), IT cut-off
0440-00 04 40 05.4 -00 23 22 19.2 (3.53) 0.10 6,18 NRAO190 197 -29 UVX, inverted spectrua
0442-00 04 43 01.4 -00 24 53 0.2p 0.3n 20 0.27 0.4 DAI 4 6 198 -28 UVX
0445-019 04 45 11.2 -01 58 02 0.2 f - 19 0.20 200 -28 uvx
0447-010 04 47 10.1 -01 02 32 - O.ln 19.5 0.29 0.50 199 -27 uvx
0454+039 04 54 08.8 ♦03 56 13 1.6f 0.2n 16.5 0.40 0.15 0P092 195 -23
0457+024 04 57 16.5 +02 25 02 0.9p - 19 1.63 0.20 oro97 197 -23 UVX7, inverted spectrue
0505+03 05 04 59.1 ♦03 04 00 0.6f 0.1s 19 0.7« 0.50 23 4C+03.10 198 -21 UVX?,galaxy previously 
suggested (15)
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TABLE M i l . 4 C o n t ' d .
( 1) (2) (3) (4) (5) (4) (7) ( 8 ) (9) ( 1 0 ) ( 1 1 ) (1 2 ) (13)
8 2700
O t h . r G a l a c t i c
S o u r c e O p t i c a l  c o o r d i n a t e «  ( 1 9 5 0 . 0 ) C a t a l o g u e c o o r d . .
]r . a ci e c . 6a 66
" p ?
( f . u . ) ° 2 7 0 0 R e f . N i n b t r I 11 b 11
x C o . s a . n t  a
0 7 3 6 - 0 1 0 7 h 36™02?6 - 0 1 ° 5 7 ' 30* 0 ? 9 p 0 !  2n 18™ 0 . 6 4 0 . 8 4 C - 0 1 . 1 8 217 10 u v x
0 7 3 6  40 1 07 36 4 2 . 4 401 43 57 18 ( 2 . 4 2 ) 0 . 1 0 4 , 8 0 1 0 6 1 217 11 x - 0 . 1 9 1  ( 2 1 ) ,  LT  c u t - o f f
0 7 4 3 - 0 0 6 07 43 2 1 . 0 - 0 0 36 57 0 . 2 p 0 . 1 18 1 . 4 0 - . 4 0 4 C - 0 0 . 2 8 7 220 12 UVX7, i n v e r t e d  s p e c t r u m
0 8 0 8 4 0 1 9 08 0 8 5 1 . 1 + 0 1 55 47 O . l p - 18 ( 0 . 7 1 ) - . 4 0 0 J 0 1 4 22 1 19 UVX7, 1  n v .  r t e d  s p e c t r u m
0 8 1 2 * 0 2 08 12 4 7 . 2 0 402 04 11 1 8 . 5 1 . 1 8 0 . 7 0 1 5 , 1 0 4 C + 0 2 . 2 3 222 19 1 - 0 . 4 0 6  (20)
0 8 2 8 - 0 3 08 28 1 5 . 2 - 0 3 30 40 l . l p 0 .  In 1 8 . 5 0 . 5 3 0 . 8 5 4 C - 0 3 . 3 2 228 20 UVX
0 8 3 7 4 0 3 5 0 8 37 1 2 . 6 + 03 30 31 0 . 2 f 0 . 2 « 20 0 . 6 9 0 . 2 5 0 J 0 6  3 2 23 25 LT c u t - o f f
0 8 3 7 4 0 1 2 0 8 37 1 4 . 3 ♦ 01 15 08 O . l p O . l n 19 0 . 2 5 - . 0 5 0 J 0 6 2 225 24 UVX
0 8 5 3 4 0 3 08 53 0 1 . 3 ♦ 03 23 52 0 . 6 p 0 . 1 * 1 7 . 5 0 . 3 5 1 . 0 0 23 225 29 LT C U t - o f f
0 9 0 6 4 0 1 09 06 3 5 . 3 ♦ 0 1 33 40 0 . 7f O . l n 1 7 . 5 1 . 2 0 0 . 2 5 11 4 C + 0 1 .2 4 229 31 UVX
0 9 0 7 - 0 2 3 09 07 1 3 . 6 - 0 2 19 10 0 . 2 f 0 . 4 s 18 0 . 5 7 0 . 5 0 233 29 u v x
0 9 1 2 4 0 2 9 09 12 0 1 . 4 4 02 5 8 37 0 . 4  f O . l n 1 8 . 5 0 . 5 4 0 . 2 5 OKO20 228 33 lr  c u t - o f f
0 9 1 3 - 0 2 5 09 13 4 8 . 5 - 0 2 32 02 - 0 . 4 n 1 8 . 5 0 . 2 8 0 . 9 4 C - 0 2 . 3 8 234 30 u v x
0 9 2 2 4 0 0 5 09 22 3 4 . 1 400 32 09 0 . 3 f 0 . 1 s 18 0 . 7 4 0 . 0 5 9 OK037 232 34 * - 1 . 7 2  ( 9 ) ,  i n v e r t e d  
s p e c t r u m
0 9 3 2 4 0 2 09 32 4 2 . 9 4 02 17 35 0 . 8p 0 . 3 s 1 7 . 4 0 . 5 3 0 . 8 5 9 4 C + 0 2 .2 7 2 32 37 s - 0 . 6 5 9  (9)
0 9 5 0 4 0 0 09 50 1 2 . 0 400 14 30 1 . 3 f - 20 0 . 4 3 1 . 5 0 12 238 39 UVX, o p t i c a l  v a r i a b l e (12)
0 9 5 7 4 0 0 09 5 7 4 3 . 8 4 4 0 0 19 5 0 . 0 1 7 . 6 0 . 5 1 0 . 7 5 3 4 C + 0 0 .3 4 2 39 41 1 - 0 . 9 0 7  (22)
1 0 0 4 - 0 1 8 10 04 3 1 . 6 - 0 1 52 37 0 . 7 f 0 . 1 « 19 0 . 5 6 - . 1 0 243 41 UVX, LT c u t - o f f
1 0 0 8 4 0 1 3 10 08 4 1 . 5 4 01 21 35 0 . 2 f O . l n 19 0 . 2 4 0 . 7 0 0L 01 4 240 44 UVX
1 0 1 2 4 0 2 2 10 12 4 1 . 6 402 13 50 0 . 7p 0 . 2n 18 0 . 4 0 0 . 4 0 4 C + 0 2 .3 0 240 45 u v x
1 0 2 1 4 0 2 8 10 21 1 8 . 0 4 02 48 18 0 . 7 f O . l n 19 0 . 2 2 242 47 LF c u t - o f f
1 0 2 1 - 0 0 10 21 5 7 . 0 - 0 0 3 7 36 1 . 2 p - 1 8 . 5 0 . 9 5 0 . 3 0 7 245 45 U V X ? , i n v e r t e d  s p e c t r u m
1 0 5 2 - 0 0 4 10 52 2 3 . 3 - 0 0 29 54 0 . 4p 0 . 2 n 18 0 . 3 4 0 . 9 5 4 C - 0 0 . 4 1 25 3 50
1 0 5 5 4 0 1 10 55 5 5 . 5 + 0 1 50 03 1 8 . 3 ( 3 . 0 2 ) 0 . 0 0 1 5 , 1 0 4C+ 0 1 .2  6 251 53 UVX, KF e n h a n c e m e n t
1 1 0 3 - 0 0 6 11 03 5 8 . 0 - 0 0 36 40 0 . 7 f O . l n 16 .5 0 . 6 8 0 . 7 0 4 C - 0 0 . 4 3 2 57 52 UVX '  '
1 1 0 5 - 0 2 8 11 05 0 3 . 9 - 0 2 51 55 0 . 4  f - 1 9 . 5 0 . 3 6 1 . 0 5 4 C - 0 2 . 4 5 259 51
1 1 0 6 - 0 0 3 11 06 1 8 . 3 - 0 0 22 23 0 . 9p 0 .  I s 1 9 . 5 0 . 2 6 0 . 8 257 5 3
1 1 1 1 - 0 3 7 11 n 5 8 . 0 - 0 3 44 47 0 . 5 f 0 . 2n 1 8 . 5 0 . 3 5 0 . 7 4 C - 0 3 . 4 1 262 51 1 8 °  g a l a x y  a l e o  n e a r  
p o s i t i o n
1 1 3 0 4 0 0 9 11 30 4 6 . 6 400 57 25 0 . 7 f - 19 0 . 3 2 0 . 5 0 264 57 Lr  c u t - o f f
1 1 4 6 - 0 3 7 11 46 2 2 . 5 - 0 3 47 29 1 . 4 f - 17 0 . 4 0 0 . 3 5 274 55
1 1 4 8 - 0 0 11 48 1 0 . 2 3 - 0 0 07 1 3 . 1 1 7 . 6 2 . 5 6 0 . 4 0 6 , 2 4 C - 0 0 . 4 7 272 59 z - 1 . 9 8 2  (1 4 )  , i n v e r t e d  
s p e c t r u m
1 2 17 + 02 12 17 3 8 . 3 5 402 20 2 0 . 9 1 . 3 f - 1 6 . 5 0 . 4 7 - . 0 5 3 284 65 * - 0 . 2 4 0  ( 2 2 ) ,  HF 
e n h a n c e m e n t
1 2 1 8 - 0 2 12 18 5 1 . 0 - 0 2 25 12 0 . 5 f 0 . 4 s 20 0 . 5 4 0 . 2 0 12 4 C - 0 2 . 5 3 28 8 59 UVX, o p t i c a l  v a r i a b l e  
( 1 2 ) ,  HF  e n h a n c e m e n t
1 2 2 2 + 0 3 7 12 22 1 9 . 0 +0 3 47 24 0 . 2  f O . l n 19 0 . 8 1 - 0 . 1 0 4 C + 0 3 . 2 3 287 65 HT e n h a n c e m e n t
1 2 2 5 - 0 2 12 25 2 2 . 7 - 0 2 20 30 1 . 8 1 0 . 2 n 1 9 . 5 0 . 4 0 0 . 8 0 4 C - 0 2 . 5 4 291 59 UVX
1 2 26 +0 2 12 26 3 3 . 3 +02 19 44 1 2 . 8 ( 4 3 . 4 ) 0 . 0 5 1 6 , 1 7 3C273 289 65 * - 0 . 1 5 8  ( 2 6 ) ,  o p t i c a l  
v a r i a b l e  (2 9 )
1 2 2 9 - 0 2 12 29 2 5 . 9 - 0 2 07 31 1 6 . 8 1 . 3 3 0 . 4 5 6 , 8 4 C - 0 2 . 5 5 293 60 * - 0 . 3 6 8  ( 2 0 ) ,  HF 
e n h a n c e m e n t
1 3 0 2 - 0 3 5 13 02 0 8 . 9 - 0 3 29 56 - 0 . 2 s 1 9 . 5 0 . 5 3 0 . 6 0 309 59
1 3 1 7 - 0 0 13 17 0 4 . 5 - 0 0 34 18 0 .4 p O . l n 1 7 . 3 0 . 9 7 0 . 5 5 * 4 C - 0 0 . 5 0 3 1 8 6 1 s - 0 . 8 9  (9)
1 3 5 2 + 0 0 13 52 3 4 . 7 400 55 13 0 .61 0 . 3n 19 0 . 3 5 1 . 1 5 23 336 60 U V X ? , i n v e r t e d  s p e c t r u m
1 3 5 6 + 0 2 2 13 56 5 5 . 1 +0 2 14 17 - 0 . 2 s 1 8 . 5 0 . 6 6 0 . 4 5 33* 60 I n v e r t e d  s p e c t r u m
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TABLE AIII.4 Concluded
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
S2700
Other Galactic
Source Optical coordinates (1950.0) Catalogue coords.
1r.« lec. Aa A 6 mpg (f.u.) “2700 Ref. Number I11 b11 Comments
1359+039 13h59™54?2 +0 3°5 7'13* 1* 3p 0! 2s 19™ 0.33 0.3 341 60
1402-012 14 02 11.5 -01 16 13 0.2f 0. In 18.5 0.71 -.25 338 57 Inverted spectrum
1407+022 14 07 32.5 + 02 17 16 O.lf - 19 0.49 0.10 343 59
1424+03 14 25 02.1 + 03 29 27 O.Bf 0.3s 19 0.33 0.9 4C+03.29 351 57
1449-012 14 49 12.1 -01 15 15 0.4f 0.1s 18 0.35 0.30 354 50
1454-034 14 54 32.8 -03 27 48 1 .In * 19 0.29 0.9 4C-03.53 352 47 Brighter object with jet OiS nf is within 
error of radio position
1502+036 15 02 35.9 +03 38 04 O.lp 0.3n 19 0.48 -.40 2 50 Inverted Spectrum
1514+00 15 14 06.0 +00 25 51 1.6 f 0.2s 18.8 11 - 8 3 | 0.50 11,26 4C+00.56 2 46 Part of flux due to 
nearby galaxy
1543+005 15 43 38.1 +00 35 37 0.9p 0.1s 19 1.30 0.55 DW1543+00 8 40 LF cut-off
1546+027 15 46 58.4 +02 46 07 1.2p 0.2s 18 (1.27) -.35 11 41 Inverted spectrum
1602-00.2 16 02 22.0 -00 11 02 2.Of 0 .5s 18 (0.53) .40 23 DA397 10 36 HP enhancement
1611-007 16 11 53.5 -00 47 58 0.4p 0. In 18.5 0.27 0.9 4C-00.64 11 34
1615+029 16 15 18.8 +02 53 58 0.4p 0 .In 18 0.74 0.15 16 35
1618+007 16 18 15.3 +00 43 55 0.4f - 18.5 0.21 14 33
1729+010 17 29 48.8 +01 01 45 0.4p 0.3n 19 0.20 1.0 4C+01.52 24 18
1942+038 19 42 06.0 +03 49 30 1.2f 0. In 17.5 0.50 0.80 4C+03.46 43 -10
1952+007 19 52 49.8 +00 42 04 0.4 f 0. In 18.5 0.34 0.80 4C+00.74 41 -14 UVX?
1953+035 19 53 03.7 + 03 36 04 4.4f 0.3s 18 0.29 1.15 4C+03.47 43 -12
2059+034 20 59 08.8 +03 29 49 - - 18 0.59 -.35 S3 -27 UVX, inverted spectrum
2110-017 21 10 12.2 -01 46 28 0.9f 0 .In 19.5 0.31 0.8 4C-01.SS 49 -32 UVX
2131-021 21 31 35.3 -02 06 36 l.Bp - 19 1.91 -.10 4C-02.81 52 -36 UVX, HP enhancement
2134+004 21 34 05.3 +00 28 24 l.lp 0.1s 17 7.59 -1.00 27 DA553 55 -35 1-1.94 (28), inverted 
spectrum
2216-03 22 16 16.3 -03 50 43 16.4 1.04 -.30 5,10 4C-03.79 59 -47 s-0.901 (21),HP 
enhanceawnt
2254+024 22 54 44.6 +02 27 12 0.7p ~ IS 0.46 -.20 9 07091.3 76 -49 1-2.09 (9),inverted spectrum
2318+02 23 18 15.0 +02 39 54 1.7p 0.7n 19 0.38 1.05 IS 40+02.58 83 -53 UVX
2320-021 23 20 30.5 -02 07 09 0.4p 0.2n 19.5 0.33 0.05 79 -57 UVX
2332-017 23 32 46.3 -01 47 47 l.lp - 18.5 0.64 0.40 84 -58 UVX
2335-027 23 35 23.3 -02 47 39 0.6p 0. In 19 0.60 -0.15 84 -60 UVX, HP enhancement
2340-036 23 40 22.5 -03 40 20 0.2p 0. Sn 17 0.28 0.7 85 -61 UVX
/
A8 0
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APPENDIX IV
SPECTRAL DATA FOR SOURCES CATALOGUED AT 2700 MHZ
The spectral data obtained for sources catalogued in 
Tables AII.l and All.2 is presented in Table AIV.l. The 
contents of the columns are as follows:
(1) Parkes source numbers.
(2) Flux densities at 178 MHz from Mullard 
Observatory, University of Cambridge (§4.7).
(3) Flux densities at 408 MHz from the Molonglo 
Cross, University of Sydney (§4.S).
(4) Flux densities at 458 MHz from the Parkes 
interferometer (§4.3).
(5) Flux densities at 635 MHz from the Parkes 
telescope (§4.5).
(5) Flux densities at frequencies between 1400 and 
1425 MHz (§4.3, §4.4) .
(7) Flux densities at 2700 MHz (§2.7, §4.2).
(8) Flux densities at 5008 MHz (§4.1). Letters (a) 
through (f) refer to the observing sessions of Table 4.2.
(9) , (10), (11) The spectral indices obtained as
described in §5.1. Column 9 contains the index a from 
fitting a pov/er lav/ to the spectrum over the range 178 
to 5009 MHz. Columns 10 and 11 contain aT„ and a„_,
U r  n i ?
the indices in the ranges 178 to 1403 MHz and 140 3 to 
5009 MHz respectively. Entries in 3, 10, and 11 
have been made only when examination of the spectral
A83
data indicated them to have some significance.
(12) The optical identifications.
(13) References to footnotes.
The flux densities in columns 2 to 8 are followed by 
the standard errors, and both are in flux units. Bracketed 
numbers following the errors indicate the references for 
the flux densities obtained by other observers. These 
references follov; Table AIV.l.
Flux densities in square brackets have been corrected 
for partial resolution. Those in round brackets are
m
believed to vary, and the best estimate for epoch 1968.5 
has been entered.
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Footnotes to Table AIV.l
1. Confusion or resolution, 4C catalogue.
2. Flux density at 5009 MHz measured in only one linear 
polarization.
3. Observation at 2700 MHz confused.
4. Flux density at 2700 MHz, epoch 1968.5, from Harris (1969).
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